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PSYCHOLOGICAL RESEARCH IN AVIATION IN ITALY, 

FRANCE, ENGLAND, AND THE AMERICAN 

EXPEDITIONARY FORCES 

F. C. DOCKERAY 
University of Kanaaa 

AND 

S. ISAACS 
Air Service Medical Reeearch Laboratory 

Among the many demands for the application of psychology 
to practical problems, those presented by aviation are of partic- 
ular interest. In 1914, very little, if anything, was known regard- 
ing the qualifications of an aviator, aside from the fact that it 
was assumed that he must possess an unusual amoimt of dare- 
devil spirit. As late as 1917, it was supposed, in this coimtry 
at least, that the demands upon the aviator were totally different 
from those made by any other work. The qualifications in 
balance in the air, as contrasted with balance in walking, quick- 
ness in reaction, emotional stability, and good judgment, were 
supposed to be much superior to those for a gxumer, a signal 
corps officer, or a lieutenant in the trenches. 

While it is doubtless true that we have learned that flying 
does not require the unique qualities which mark the aviator 
as a superman, nevertheless great steps have been taken in the 
direction of perfecting methods for the selection of those yoimg 
men who give promise of learning this particular type of per- 
formance most successfully. This work has been performed by 
medical men, physiologists, and psychologists. While in this 
country the work of these three groups has been kept quite 
distinct, the research abroad has not been so definitely divided. 

115 
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ITALIAN RESEARCH 

Italy was the first of the allies to take up extensively research 
in aptitude for flying. This work was carried on at psycho- 
physiological laboratories at Turin, Naples, and Rome, under 
the general direction of Dr. Gieuseppe Gradenigo. Here were 
developed a number of tests, and a mass of data gathered in 
routine examinations and in intensive research on selected groups 
of aviators at the front as well as candidates for aviation 
instruction. 

In preliminary work, a number of tests were tried out upon 
pilots known to be successful aviators, upon another group rated 
mediocre, and upon a third group of unsuccessfid aviators. The 
conclusions reached were that "a good airplane pilot is one who 
to a suflScient speed of perception and to a notable degree of 
extension and distribution of attention, adds constancy, pre- 
cision, coordinating ability of the psycho-motor activity, and 
who possesses a suflScient inhibitory power of emotive reactions 
not to be disturbed in the above functions on account of emo- 
tional stimidus.'' In accordance with these conclusions,tests 
were sought that would measure psycho-motor activity, atten- 
tion, and resistance to emotional stimulus. An accoimt of this 
work is given in "Richerche biologiche suir aviazione," Rome, 
(Tipografia Nazionale Bertero) 1919, pp. 235. These experi- 
ments covered studies in reaction times, attention time of per- 
ception, emotional stability, muscular sensation or perception 
of muscular effort, and equilibrimn, as well as the more distinctly 
physiological and medical aspects. 

Simple reaction times with visual and auditory stimuli were 
used in all the laboratories. Of 13,936 candidates examined in 
1918, 247 were disqualified on the reaction time test. In the 
earlier report by Gradenigo the limit of fitness was placed at 
0.200 second for the visual and at 0.170 second for the auditory 
stimuli, with a variability not to exceed an average of 0.030 
second. 

SaflSotti (p. 159) reports more in detail the method adopted 
at the Turin laboratory. The purpose of the tests is stated to 
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be the determination of the "functioning of neuro-muscular 
processes during a period of attention, at which time an indi- 
vidual tends to show his perceptive-motor reactions." He 
claims that the objection usually made to simple reaction time 
tests, that is, that automatism in the reactions arises, is not 
founded. The fact that most of the series in aU three laboratories 
consisted of only twenty readings, preceded by a few preliminary 
practice reactions, would lend weight to his view. 

The reactions were recorded with a Hipp chronoscope, arranged 
for a break-make circuit with the use of the lower spring only, 
the current passed through the upper coils. The average errors 
were 0.001 to 0.002 second. The stimuli adopted were, for 
visual, a green diaphragm lighted by a 2 candle power lamp; 
for auditory, a lever falling from a fixed height striking a key. 
Having explained the task to the subject, the reactions are 
taken until "a normal, homogeneous group of twenty reactions'' 
are secured. Usually the subject reacted immediately with 
normal reactions, though occasionally it was necessary to spend 
some time to accustom him to the method. The stimuli in the 
series seemed to have followed rather rapidly and no "ready'' 
signal given. 

The values obtained range between 0.170 and 0.200 second 
with the visual stimidus, and 0.130 and 0.150 second with audi- 
tory. Values above these are considered slow and the individual 
is rejected. Saffiotti claims there is no reason for having placed 
the maximum limit of tolerance with the auditory stimulus at 
0.170 second as reported by Gradenigo, but he gives no definite 
reason for reducing the limit to 0.150 second. He suggests, 
however, that the elimination should be on a 10-percentile 
distribution, rather than on any fixed arbitrary standard. On 
this basis the average deviation of 0.030 second was considered 
the limit of variability. 

Choice reactions were made with right or left hand in either 
of four directions and combined reactions with hand and foot. 
The technique of the latter is described (p. 210) by Azzi of the 
Naples laboratory. In a frame were arranged five 16 candle 
power lamps, two upper, two lower and one in the center. Below 
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each lamp was a small lamp of the flash-light variety. Under 
this bank of lamps was a table with two keys for the hands, and 
on the floor under the table, two keys for the feet. The subject 
was instructed to react with the hand to the corresponding upper 
lamp, and with the foot to the corresponding lower lamp. He 
might be required to react to any two lamps simultaneously. 
The small lamps lighted when the subject reacted, thus indi- 
cating whether he reacted correctly. A D'Arsonval chrono- 
scope was used. The following are given as the normal values: 

Average reaction time 0.500 second 

Average deviation 0.120 second 

Coefficient of variability 20 

Percentage of errors 8 

The following were considered abnormal values and standards 
for rejection: 

Average reaction time 0.680-0.700 second 

Average deviation 0.220 second 

Coefficient of variability 36 

Percentage of errors 26 

Gemelli states (p. 51) that the reactions with the left hand, 
whether in isolation or simultaneous with another member, 
are more prompt than the reactions with the right hand. 

The reaction apparatus used by Saffiotti (p. 182) and by 
Romagna-Manoia (p. 212) consists of a vertical lever which is 
grasped by the subject, as is the stick control of the airplane, 
and which can be moved forward, backward or to either side 
1 cm. from the center. The stimulus is given by a lighted arrow 
indicating the direction of the movement, and by a negative 
command (not described) to which the subject must not react. 
The results centralize between 0.350 and 0.500 second with little 
difference in the various directions. The variability oscillates 
between 0.040 and 0.070 second, and smce from 0.070 to 0.080 
second there is a decided decrease in frequency, 0.070 second is 
considered the greater limit of variability, or standard of rejec- 
tion. There were no errors in reaction, except for an occasional 
failure of inhibition with the negative stimulus. 
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Romagna-Manoia, using the four movement stick for reactions, 
but using four lamps, arranged above, below, and on either side 
of a fifth lamp, as stimuli denoting the direction of the reaction 
(the central lamp not to be reacted to), obtained the following 
results from four hundred candidates (p. 217) : 
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In the cases of nervous exhaustion from service at the front, 
the simple reaction time method was applied by Saffiotti "for 
purposes of study of the state of the nervous sjrstem and the 
capacity of attention'' (p. 183). These series consisted of 160 
to 300 reactions with the visual stimulus, and 100 to 200 with 
the auditory. Saffiotti claims to have been able by repeated 
tests "to follow the manifestations of the progressive renewal 
of normality of the reactions in comparison with the best physi- 
cal and psychic conditions.'' Two fimdamental types appeared 
from these tests: the type who slow up (exhaustion and weak- 
ness), and the opposite type (excitability and instability). A 
study of the individual reactions shows that the first type is 
characterized by a consistently long reaction time, 0.220 to 
0.230 second with the visual stimulus; the second type presents 
a lower reaction time, 0.150 to 0.190 second, but an increased 
variability. 

Emotional reactions were studied by the changes in circulation, 
respiration, and tremor of the hand, produced by stimuli designed 
to create an emotion. AU the laboratories seem to have used the 
method described by Grandenigo and Gemelli (p. 45), in the 
selection of candidates for aviation, though the standards of 
classification are not reported further than to state that those 
who have an excessive reaction are pronoimced ineligible. Of 
13,936 candidates examined, 232 were rejected as "excessively 
emotional." The general behavior of the pulse and changes in 
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blood pressure and volume and the duration of the changes were 
observed. The following were recorded: the pidse of the left 
fore-arm by means of an arm plethysmography the pulse of the 
carotid, thoracic breathing, the tremor of the right hand, and 
the time in seconds. The "emotive stimidus" was produced by 
a pistol shot, automobile claxon, or the explosion of a fire cracker. 
Aggazzotti (p. 89) has reported more in detail the results 
obtained in the Rome laboratory, though he also fails to state 
how the tests were used in the selection of candidates. He, 
however, presents interesting tables of the results of the exami- 
nation of 723 subjects. These are classified into ten groups 
according to their pulse rate at the moment of stimulus, ranging 
from 5&-59 in the first group, to 140-149 in the tenth. Following 
the stimulus the reaction is divided into three phases: first, the 
effects of an inhibition of the vagus with an acceleration of the 
pulse; second, an excitement of the vagus with a slowing up of 
the pulse; and third, an excitement of the accelerator with a 
consequent acceleration. The first phase is brief (4-5 pulsa- 
tions), and manifests itself almost immediately after the stimulus. 
Its latent period is negligible. The second phase is longer than 
the first (15-25 pulsations); it manifests itself rapidly and also 
ceases rapidly, to give place to the third phase. The third phase 
is the longest of the three; it appears rapidly and ceases slowly. 
These chronotropic reactions are always accompanied by ino- 
tropic reactions (strengtii of pulse). However, there is no rela- 
tion in the degree of these two forms of the reaction, nor is there 
any relation noticed in the activity of the heart and the inotropic 
reactions at the moment of stimulus. The inotropic reaction 
appears in two phases: a negative phase of brief duration, three 
to four seconds, which appears in the first pulsations after the 
stimidus; and a positive phase of greater duration, which develops 
gradually after the first negative phase has ceased. The author 
does not discuss the relation between the degree of the various 
reactions and the pulse rate at the moment of stimidus, but an 
inspection of his table A (p. 91) indicates that as we go from those 
subjects with a low to those with a high initial pulse, the decrease 
in pulse rate in the second phase is more pronounced, but the 
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increase in the third phase (acceleration) is less pronounced. 
The various reactions occur in more rapid succession with the 
more rapid initial pulse rates. The height of the systole also 
increases, but the proportional change with stimidus is not 
significant. 

The influence of an emotive state upon an elementary process, 
such as reaction time, was studied by M. Camis (p. 188). The 
technique was similar to that employed in the other reaction 
time experiments, except that the "emotive stimulus" was 
introduced between two series of twenty or thirty readings with 
visual and auditory stimuli. In every case reported (twelve 
cases) the average is longer in the series following the emotive 
stimulus, ranging from 3.4 per cent to 30 per cent. These may 
be classified as "good" below 10 per cent, "mediiun" between 10 
and 26 per cent, and "poor" or disqualifying above 25 per cent. 
The deviations from the average were also taken into consider- 
ation. These are presented in the form of carves of the indi- 
vidual reaction times plotted with reference to the abscissa 
representing the average. An inspection of these curves shows 
several types. The disturbance may be violent but fleeting, 
producing a few extremely long reaction times and quickly 
returning to normal, or the effect may be more moderate and 
lasting. A third type shows a fairly large deviation which is 
constant throughout the series, both before and after the emotive 
stimulus. The fourth and best type is characterized by a rela- 
tively small deviation in both series. 

Short series of observations were made on the effects of the 
emotive stimulus upon choice reaction times. The results are 
uncertain. In the majority of cases the average of the second 
series is lower than that of the first, though the niunber of wrong 
reactions is greater. The author concludes that these facts 
lead him to beUeve "that a moderate emotional state, as is that 
induced by the methods of the laboratory, can frequently increase 
the velocity with which the psychic process develops. That the 
difference, that is, the increase in velocity, is to be ascribed to the 
superior psychic elements of this complex function, is demon- 
strated by the fact that in the psychomotor simple reaction. 
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where the psychic functions, as judgm^it and choice, do not 
enter into play, one never has shortening, but only lengthening 
of the reaction times" (p. 196). 

Atterdion was studied by various tests to determine the extent, 
distribution, concentration, fluctuation and intensity of atten- 
tion, and the speed of perception. 

The cancellation test devised by Saffiotti was used. This 
test consists of marking symbols arranged without any con- 
nection and placed irregularly so that the influence of the habit 
of reading is reduced to a minimum. Account is taken of the 
time required and the niunber of errors, the limits being set at 
five minutes and five errors. 

Gemelli (p. 56) also used the successive exposiure of small 
images at a rate sufficient for the subject barely to gather the 
details. The subject must react to the passing of each image and 
signal the passage of those images which presented the pre- 
determined peculiarity. No results are given, but he states that 
the method ^'has proved excellent in the singling out individuals 
unfit from the point of view of the ability to concentrate atten- 
tion for a determined time." 

Another method of measuring attention was devised by 
Galeotti and Cacciapuoti (p. 207). Series of simple figures of 
different colors were exposed successively and the subject re- 
quired to report immediately. The exposures were made by 
means of a k3anograph at the rate of one figure every two and 
one half seconds, each figure remaining exposed one second. A 
record was kept of the nimiber of figures reported and the errors 
regarding form, color and order. A figure omitted was counted 
as two errors, one for form and one for color. With four series of 
five figures each, it was found that the majority of subjects 
tested (338 subjects) made 13 to 16 errors; a minority, considered 
to possess insufficient attentive capacity, made over 20 errors. 
An examioation of 36 candidates who had been declared ineligible 
because of "psychic nervous wear" demonstrated that 26 made 
over 20 errors. The limit of 20 errors was, therefore, considered 
a just standard of attentive capacity for rejection of candidates. 
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Both Herlitzka (p. 196) and Galeotti (p. 201) designed methods 
to test the speed of perception. Simple figures such as circles, 
squares and triangles were exposed by means of a falling shutter. 
The length of exposure was varied by adjusting the height of the 
fall or by adjusting the size of the opening. In this way the 
minimum time necessary to recognize the figures was determined. 
In Herlitzka's test a screen was lighted by two projectors so 
arranged that the falling shutter cut off the Ught of the first at 
the moment that it opened the second which projected the figures 
upon the screen. In like maimer it reopened the first at the close 
of the exposure. 

Both of these investigators obtained similar results, but dis- 
agree in their interpretation. Herlitzka believes that the indi- 
vidual variations in minimum time required for recognizing the 
figures indicate that the test must measure the psychic function. 
However, the time is too brief, 2-4.5 sigma, for such a mental 
process, and he is inclined to beUeve that after all his method 
merely determines the threshold or time of adequate stimulation 
of the retina. Particular evidence of this is cited in the fact 
reducing the distance between the subject and the screen from 
2 meters to 80 cm. materially reduced the minimum time required. 
Galeotti, on the other hand, insists that their residts are the 
measure of the speed of perception, though his evidence is not 
convincing. The fact that their methods were sUghtly different, 
but their results approximately the same, which his data does 
not entirely substantiate, and also the fact that he himself was 
unable to observe an after-image upon closing his eyes immedi- 
ately after an exposure, are evidence to him that his test measures 
the psychic function and not merely the sensory threshold. It 
should be observed that the field was lighted only momentarily 
in his experiment. HerUtzka is not willing to recommend the 
test, in its present development, for the selection of aviators and 
Galeotti has apparently not so used it. 

Perception of muscular effort was studied on the assumption 
that one of the important factors in the control of an airplane 
would be the recognition on the part of the pilot of the pressure 
exerted upon the controls and the amount of effort necessary to 
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change their position a given amount. Apparatus was designed 
by Galeotti (p. 143) which required the subject, blindfolded, to 
hold a lever in a specified position while the wei(^t suspended 
from the lever varied irregularly from 2 to 12 kgm. The move- 
ments of the lever were recorded upon a kymograph. The 
results are briefly siunmarized as follows: (1) Excellent ctu*ve, 
indicating excellent muscular aptitude. The curve remains in 
the middle horisontal zone of the tracing. The principal oscil- 
lations are imiform and low with few indentations and without 
jumps. (2) Mediocre curves, ascending and descending with 
not very high nor very imiform oscillations, but many indenta- 
tions. (3) Poor curves, which indicate inaptitude rightly to 
regulate the muscular activity, those deformed with great inden- 
tations and jumps. 

Gemelli (p. 58) also tested muscular effort, though he does 
not adequately describe his method. Apparently the subject 
was required to move a handle against a fixed resistance any 
required distance. The time required for the movement, and 
the accuracy of the judgment of the effort required, were taken 
as measures, not of his motor ability, but of his attention ability. 

EquiWyrium. In the selection of candidates for the air service 
the Italians, like the Americans, placed a great deal of emphasis 
upon the Barany tests. Grandenigo, president of the conmiission 
and inspector of the laboratories, is himself an otologist. The 
technique and standards of admission did not differ materially 
from those adopted in this country. However, Malan, an otology 
specialist, expresses the belief that while the Barany tests are 
necessary, they do not indicate the candidate's sensitivity to 
balance or change of position. ^'To possess an absolutely normal 
organism, to be immune from exaggerated manifestations of 
vertigo following rotation and transcephalic galvanization are 
certainly indispensable requisites to become a good aviator; 
however, besides all this, the so-called static sense of one's 
position and that of the vertical must not be lacking" (p. 169). 

To test this sense of position, Malan arranged a special cockpit 
which could be tilted forward, backward or laterally. Tlie 
subject, blindfolded, must report his position and at the same 
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time place in the vertical position a rod in front of him attached 
to a goniometer. About 900 tests were made with 150 subjects. 
The results indicate that an inclination in the lateral direction 
is more easily recognized than in the forward or in the backward 
directions. Inclining the head forward at an angle of 30 degrees 
did not alter the results materially. The best results were given 
by pilots of long experience and in good phjrsical condition. 
Sailors and a ti(^t-rope walker also gave good results, especially 
in the lalteral position. In aviators suffering from nervous 
exhaustion, as a rule the errors were much greater, but, examined 
after a complete rest, the errors were reduced to normal. No 
mention of the use of the test for classification of candidates is 
made. Individual differences and standards that might be 
established are also omitted. 

Bilancioni and Romagna-Manoia (p. 175) present a preliminary 
study of the state of consciousness in rotary vertigo. The tests 
are rather crude and unsatisfactory. The subject, blindfolded, 
is required to recognize simple objects placed in his hand before 
and after turning with head resting on his knees. Natiirally 
there is a good deal of disturbance due to compensatory move- 
ments as the subject attempts to sit up after rotation. How- 
ever, when the object is placed in his hand the time for recognition 
is not appreciably longer. In a second series the subject was 
required to recognize simple figures exposed on a screen as soon 
as he could gain the upright position. This test also yielded 
negative results. The difficulties that would be encountered in 
such an experiment can be easily understood. As the experi- 
ments were performed it may be assimied that the tests were 
given after any effects upon consciousness had disappeared. 
If the tests had been applied immediately after rotation, the 
lack of motor control, particularly the tendency to eye move- 
ment would have vitiated the results. 

It will be recognized that the Italian investigators attempted 
to use a great variety of tests and have undoubtedly acquired 
a great mass of data. It is to be hoped that definite corre- 
lations will be published, now that the war is over and oppor- 
tunity for such a study is possible. It should be remarked that 
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the disqualification of a candidate did not rest upon the absolute 
results of any test or group of tests. These served only to present 
the most definite profile it was possible to obtain. From these 
results compared with fljong aptitude the following conclusions 
are presented: 

1. Pursuit pilots present a keen perception of position of body, 
low visual reaction times, choice reaction times, and low average 
deviation in reaction time. Nearly all the best pursuit pilots 
were of the sensorial type in reaction time tests. Resistance to 
emotive stimuli was not necessarily great in all cases. Many 
of the best pilots in this group manifested low resistance to 
emotive stimuli. 

2. Nearly all the best pilots on slow machines, such as the 
bombing planes, were of the muscular tsrpe in reaction time. 
Caproni pilots present considerable resistance to emotive stimuli. 

FRENCH RESEARCH 

The interests of the French seem to have been limited to simple 
reaction times and studies of emotional stability. A preliminary 
report of these experiments, "Recherches sur Inaptitude k Tavi- 
ation" by Camus and Nepper, is presented in Bvlletin de Vlnstitut 
Gin&ral Psychologiquej Nos. 1-3, 17« ann6e, 1917. 

In the simple reaction time tests the D'Arsonval chronoscope 
was used. It was found that the average reaction times were 
0.190 second with the visual stimulus, and 0.140 second with 
the auditory and tactual stimuli, but the limit of eligibiUty was 
set at 0.100 second above the averages. Only single illustrative 
cases are reported. Unfortimately, however, these cases seem 
rather conflicting. For example, one case is given to show that 
a single series of ten reactions is reUable as a measure of a candi- 
date's reaction times, as it remains constant even after a year 
at the front where he was shot down by the artillery. The 
effect of morphine in one case was a slight decrease in reaction 
times in one examination, but four months later the test was 
repeated showing a decided increase. Still another pilot who 
had been shot down at the front is used to illustrate the efifect 
in lengthening his reaction times. These are only isolated cases 
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and it may be assumed that they were poorly chosen, for we 
learned that at the time of Nepper's death thousands of aviators 
and candidates had been tested by this method. It is to be hoped 
that a careful study of these results will soon be forthcoming. 

The emotional study was identical in every way with the 
Italian work with the exception that these results were compared 
carefully with the results of the reaction time experiments. 
Both the average times and the deviations from the average 
were considered. On the basis of these two tests candidates 
were divided into five types : 

1. Excellent pilots, who present normal reaction times and 
who do not show excitability. 

2. Those who present normal reaction times but show a slight 
emotional reaction. 

3. Those who present slightly irregular reaction times and show 
a slight emotional reaction. Usually young men who are appre- 
hensive of the examination. These three types are considered 
acceptable for aviation. 

4. Reaction times present large deviations and the emotional 
reactions are greatly exaggerated. 

5. Reaction times are very irregular, though they do not show 
excessive emotional reactions. Types four and five are con- 
sidered ineligible for aviation. 

Since the report of Camus and Neppe was published, we 
learned, indirectly, that the use of the vaso-motor reaction test, 
as a means of determining the emotional fitness of candidates, 
was abandoned in favor of the regularity of the reaction times. 

BRITISH RESEARCH 

The British paid little attention to reaction times and the 
more elaborate studies of resistance to emotional stimuli. The 
latter is included in an incidental manner in a motor coordination 
test. The principal application of psychological tests by the 
British was in the determination of the effects of altitude flying 
and in studies of "staleness'' in pilots, rather than in the routine 
examination of candidates. Their results are to be foimd in 
the Reports of the Air Medical Investigation Committee, pub- 
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lished by the Medical Research Committee, London. The 
memben^p of the Air Medical Investigation Committee con- 
sisted of Henry Head, chairman, Sir Walter M. Fletcher, M. 
Greenwood, Leonard Hill, W. H. R. Rivers, C. S. Sherrington, 
C. E. Spearman, and Martin Flack. Most of the experiments 
are concerned with phjrsiological data, pulse, blood pressure, 
vital capacity, etc. Some of these, however, present a psycho- 
logical aspect. For example, the manometer tests involve a 
measure of volition, which has been recognized by Birley and 
others. The more distinctly psychological experiments included 
the MacDougall dotting test, studies of tremor and giddinesS; 
and a study of temperament and service flying. 

In the studies of the effects of altitude flying the British did 
not make use of a low-pressure chamber or other apparatus for 
diminishing the oxygen supply, though late in the war lieut.-Col. 
George Dreyer had developed an apparatus that promised to 
have certain advantages over the rebreathing apparatus used 
in this coimtry. The tests to determine the effects of altitude 
and the value of use of oxygen were made before and after flights. 
Flack and Heald (Report No. 1, ''Oxygen Needs of Flying 
Officers,*' February 18, 1918) investigated the oxygen need at 
relatively low altitude by this method. The tests adopted were 
the pulse, blood pressure, the tune the breath could be held, 
and the MacDougall test. The apparatus for the latter consists 
of a paper tape passed through a narrow slit by means of a clock- 
work. Upon the tape are small circles, each with a dot in the 
center. The circles are regularly spaced longitudinally but are 
irregularly placed laterally. The subject endeavors to spot the 
bull's eye of every circle with a pencil as the tape passes the 
opening. The rate of movement of the tape is gradually in- 
creased until a breakdown in the subject's reactions is secured. 
The tape is then scored according to the following rules: Ten 
complete misses out of twenty constitute a breakdown at the 
particular rate at which this occurs. The rate immediately 
preceding this breakdown is then assessed as follows: plus five 
for a bull's eye and minus one for a miss, twenty circles being 
counted. The fastest nominal rate is one, and for this 100 marks 
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are given; for rate three^ 80 marks; for rate five, 60 marks, and 
so on. A simpler method of marking was later adopted in which 
two marks were given for a bull's eye, one mark for touching the 
circle, and zero for a miss, twenty circles being counted at each 
speed. The results with the dotting machine indicate an im- 
provement with administration of oxygen. Of nine cases, six 
deteriorated after flight without oxygen; after flight with oxygen 
all made improved performance, and in the cases where there 
was previously a deterioration, the previous performance was sur- 
passed. Administration of oxygen to stale or mentally fatigued 
subjects increased their performance 30 to 40 per cent. 

The British laid great stress on simple motor codrdination 
tests, such as walking a line heel to toe and turning on one foot, 
standing on one foot for fifteen seconds with eyes opened or 
closed, balancing a rod on a flat board with eyes opened or 
closed, and on indications of tremor. 

Walking along a line heel to toe, turning on one foot and stand- 
ing on one leg with the eyes closed, was a test designed to deter- 
mine ''vestibular stability." But according to Head (Special 
Report Series, No. 28, ''The Sense of Stability and Balance in 
the Air,'' 1919) "there is no evidence to show that any of these 
acts bears a direct relation to the activity of the semicircular 
canals," failure to pass the test is due to "clumsiness in action 
or slowness in comprehension." Likewise, the assiunption that 
the abihty to stand on one foot for fifteen seconds with the eyes 
closed was a test of "muscle sense" was criticised by Head who 
carried out tests to measure the power of recognizing passive 
movements of the lower extremities and found that individuals 
who were unable to stand on one foot with eyes closed did not 
lack the ability to recognize the passive movement of the lower 
extremities. Failure to pass the test is due to want of control 
and not to defective muscle sense. In a like maimer he found 
that inabiUty to balance a rod on a flat board was due, not to 
defective muscle sense as assumed, but to "want of control and 
clumsiness in action." The inability to balance the rod is not 
due to tremor, as several failed who showed no signs of tremor. 
The rod balancing test is recommended as a useful method of 
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testing states of exhaustion, flying stress, insomnia and other 
neuropathic and psychopathic conditions in the early stages of 
development. 

Giddiness and nausea in the air are ascribed to two groups 
of causes: (1) temporary abnormality of the middle ear, often 
due to a cold in the head and interference with the free passage 
of air through one or both of the Eustachian tubes, producing 
an abnormal condition of tension which acts on the vestibular 
apparatus, and (2) failure to learn adaptation to dist\u:bances 
of equiUbrium, which may be caused by lowered general resis- 
tance due to a physical or mental disturbance, such as influenza, 
or stress of flying at the front, "anything which tends to lessen 
control over the reaction of the lower centers to sensory stimu- 
lation." In every case investigated in the latter group, the 
subject had suffered in childhood from swinging and riding on 
the train. Most of them had suffered discomforts in the first 
flights but had become adapted to changes in equilibriiun by 
repeated flights, though some never completely overcame some 
discomfort. Rotation produced no abnormal response, but was 
accompanied by excessive giddiness and nausea. It might be 
explained that the rotation test consisted, not in the time of 
nystagmus, but in the requirement that, after rotation, the 
subject should stand erect and walk forward. He at the same 
time reported the direction in which the room seemed to be 
turning. The degree of staler and deviation in walking were 
considered the measure of his reaction. 

Fainting in the air, on the other hand, was never accompanied 
by any discomfort. None of the subjects examined had ever 
experienced any discomfort in flying. They seemed to possess 
the adaptability or power to control the effects produced on 
the vestibular apparatus by changes of equilibrium. "But when 
the impulses of the semicircular canals became too violent to 
be held in check, they expended themselves by producing a 
withdrawal of consciousness." Fainting is described as pleasant; 
it begins with a narrowing of the field of attention and may 
culminate in complete oblivion. The reaction upon rotation 
of these pilots was characteristic. The effect upon those who 
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were giddy in the air was, when rotated, excessive reaction in 
the form of giddiness and nausea, though their ability to exercise 
voluntary control was normal. On the other hand, of five who 
had fainted in the air, three suffered no discomfort of any kind 
when rotated; in two cases "everything went misty," and both 
reported they felt exactly as they did in the air. 

The presence and degree of tremor, revealed by reqiuring the 
subject to stretch out his arms in front of him, fingers semiflexed 
and separated, and eyes closed, at the same time protruding his 
tongue, was carefully noted. According to Flack and Bowdler 
(Report No. 2, III, ''Report on the Examination of a Series of 
Successful Pilots from the Point of View of their Cardio-vascular 
and Nervous System^?," March 23, 1918) a high correlation is 
foimd in the group which showed tremor with want of aptitude 
to fly. Tremor is absent or slight in the good pilot. Out of 
54 candidates who were accepted in spite of "marked tremor," 
14 did not qualify, a ratio of success to failure of 2.8 to 1. 
Amongst 2000 candidates who showed no abnormal signs, 7.6 
per cent only were ultimately rejected. It is the conclusion 
of Head (op. cit.) that "tremor is not so much an indication of a 
neuropathic temperament as of a definite disturbance of func- 
tion.'* A tremulous tongue may be indicative of chronic indi- 
gestion or of alcoholic excess. Tremor of the hands was always 
found to be associated with some obvious cause, as alcoholic 
excess, excessive smoking, especially the perpetual misuse of 
cigarettes, or as a sequel of malarial infection. It was found 
most commonly, however, as a sign of stress of service at the 
front, exhaustion, and states of anxiety, and was universally 
present in those officers who were admitted to hospital for some 
fimctional psychosis ("shell shock"). The "line drawing and 
noise test" was regarded as a valuable test and its use recom- 
mended in the examination of candidates and pilots. An account 
of the test was furnished by correspondence by Professor 
Spearman: 

The candidate is asked to draw a line lightly and deliberately across 
the greater length of a sheet of foolscap, parallel to the border, with a 
leaded pencil, without the hand or arm touching the paper. The pres- 
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enoe and degree of tremor can be seen, especially if a magnifying ^ass is 
used. He is then asked to draw another line in the same way; while he 
is doing so, an unexpected loud noise is made close to the ear with a 
Dalby's "clacker/' which makes a loud noise and is easily manipulated 
and hidden. A perfectly sound man will often continue the line without 
interruption, or a slight irregularity will appear in the line before it is 
again firmly continued. The effect on a nervous man is either to pro- 
duce a sudden dash and complete stop, or the line is continued in an 
increasingly irregular and shaky manner. He is then asked to draw 
a third line, after being warned that the noise will be made at some point. 
If the nervousness is under control, the line will not be interrupted; if 
not, the same hurried dash and complete stop is again seen or the rest 
of the line is drawn with increased tremor and irregularity. 

lieut.-Col. J. L. Birley (Report No. 4, 'Temperament and 
Service Flying," September 25, 1918) has made the atteiz4>t to 
determine the influence of ''temperament'' upon the ability not 
merely to fly but to do effective combat flying at the front. His 
method is that of the elimination of the possibilities of ph3rsical 
causes of "staleness" by means of the regular physical examina- 
tion. He makes no attempt to analyse temperament or deter- 
mine the special temperamental qualifications for service flying. 
From a study of the results of the manometer tests (expiration 
force and time of sustaining a 40 tnm. column of mercury by 
blowing), blood pressure, and pulse rates, from pilots and ob- 
servers transferred to England for rest from active service at 
the front on accoimt of fatigue, he concludes that "tempera- 
mental and physical unfitness are not separate but closely allied 
things," and that "the temperamentally unfit is unstable physi- 
cally." "Certain individuals are so constituted that they react 
to strain by alteration of their physical state, or in other words 
that by reason of their temperament they will necessarily become 
physically unfit when exposed to strain. This lack of resistance 
appears to be a characteristic of the general 'make up' of the 
individual, and it must be supposed that the lack of inhibition 
in the higher nervous centers paves the way for a spread of 
nervous impulses; this in turn gives rise to a variety of physical 
phenomena, the main feature of which is overaction," which 
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manifests itself in the somatic syrtem in various neuro-muscular 
groups, more especially in the speech mechanism, in the auto- 
nomic system in rapid and disordered heart action, sweating, 
hyperadicity, raised blood pressure, and loss of weight due to 
general increase in metabolinn. 

AMERICAN BESEARCH OVERSEAS 

Several papers concerning psychological research in aviation 
in this country have appeared in the American journals and need 
no further mention. Some of the published reports have been 
attempts merely to demonstrate a method, others have involved 
a careful attempt to determine the degree of correlation of the 
results with flying ability (1). The results of the various lines 
of research carried on by the psychology department of the Air 
Service Medical Research Laboratory are also about to be 
published. 

The work of the Air Service Medical Research Laboratory in 
the American Expeditionary Forces, before the signing of the 
armistice, consisted principally in routine examinations of student 
flyers as conducted at the various fields in this country. As 
the number of these examinations was small compared to the 
number at home and as no new or significant data was presented, 
a discussion of these results will be omitted in lieu of the forth- 
coming reports from the home laboratory. After the signing 
of the armistice the officers of the research laboratories at Isso- 
udun and Tours imdertook a study, as well as conditions per- 
mitted, of those flyers who had made excellent records at the 
front and in the instruction centers. Three groups of flying 
officers were examined, the moniteurs of the instruction center 
at Issoudim, chasse pilots from the front who returned to Issoudun 
on their way home, and observers from the front who returned 
to Tours. It should be stated that only those pilots who had 
proved to be exceptional service flyers were examined. The 
moniteurs examined were declared by the commanding officer 
of the field to have been selected and retained at the instruction 
center because they were recognized by the training department 
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as possessing all the qualifications of good service flyers and would 
doubtless have distinguished themselves at the front, had they 
not been detained for instruction purposes. 

All of these subjects were first examined by the departments 
of medicine, physiology, ophthalmology, and otology. Those 
diagnosed as unfit, because of abnonnal pulse, blood pressure, 
respiration, or any other specific reason that might influence 
their results in the psychological tests have been considered 
separately. In addition several who showed unmistakable signs 
of suffering from exhaustion, nervousness or recent excitement 
that might render their results imreUable were also placed in 
the group of unfit. 

The psychological tests applied to the moniteurs and chasse 
pilots consisted of the standard altitude test, or rebreather, 
simple reaction times to visual, auditory, and tactual stimuli, 
and a steadiness test. With the observers at Tours, in addition 
to the altitude test, a new test of speed, reliability and confidence 
of observation was adopted. 

Rebreather test. While the piupose of the rebreathing test is 
primarily for the altitude classification of the flyer determined 
by his resistance to effects of low oxygen, it incidentally reveals 
certain individual psychological characteristics, involving as it 
does the performance of a task requiring coordinated, rapid 
movements, and alert, extensive attention, the deterioration of 
which is carefully noted during the oxygen diminution. An 
intensive study of this feature of the rebreathing test on 6000 
pilots examined in the United States is being prepared by Dr. 
J. E. Coover, formerly captain. Sanitary Corps, on duty with 
the Medical Research Laboratory, and a comparison with the 
results in the American Expeditionary Forces will be made upon 
its completion. This comparison is significant because the group 
in the American Expeditionary Forces was composed of advanced 
pilots, from which all the inferior or xmsuccessful flyers had been 
eliminated, while the group in the States contained many who 
were still in training and subsequently proved unfit for flying. 
A preliminary examination of the data seems to indicate that 
with the pilots in the American Expeditionary Forces there is a 
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more decided tendency to maintain effective attention longer 
after the appearance of distm-bance of motor coordination, than 
is the case with pilots examined in the States. 

Reaction time tests. As the French depended upon sunple 
reaction times solely in their psychological examination of candi- 
dates for aviation, it was recommended by the Medical Research 
Board that the psychology department investigate this type of 
test as to its vaUdity. The monitem*s and chasse pilots afforded 
good material for this investigation, as they were all men of 
proved ability. In addition we were able to secm-e the rating 
of a large niraiber of these men from the training department of 
the instruction center at Issoudim. The degree of correlation 
between their reaction times and the training department rating 
should indicate the value of the tests. 

The attempt was made to reproduce as nearly as possible the 
experimental conditions of the French methods as developed 
by Dr. Nepper. The reaction times were recorded with the 
D'Arsonval chronoscope used by Nepper, with the exception 
that part of the reactions to the auditory stimulus was recorded 
with the Hopkins chronoscope in 0.001 second. The D'Arsonval 
chronoscope was read in 0.005 second. The tactual stimulus was 
given with a touch key, which was also used for giving the 
auditory stimulus. The visual stimulus was the starting of the 
hand on the dial of the chronoscope. Though Nepper recorded 
only ten reactions with each stimulus, claiming that this number 
gave as reliable a mean as a larger nimiber, we made it a rule 
to record twenty-five. The results of our experiments do not 
tend to confirm his view, though for clinical purposes the vari- 
ation with each succeeding ten readings is not so great as to 
be very important. 

Table 1 gives the results of the moniteurs and chasse pilots 
combined, showing the mean (M) in sigma, probable error (PE) 
and the standard deviation of the mean (a) for the entire group 
based on the mean reaction times of each individual tested, and 
also the mean, probable error and standard deviation of the 
coefficients of variation of each individual from his mean reaction 
time. 
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The corresponding mean reaction times reported by the French 
(Camus and Nepper, op. cit.) are 0.190 second for the visual 
stimulus, and 0.140 second for the auditory and tactual stimuli. 
They do not report definitely the amount of deviation from these 
means, except to say that more than 0.10 second lengthening 
in reaction time was considered sufficient to bar a candidate. 
They also apparently considered 0.10 second as the maximum 
deviation of an individual from his own mean reaction time. 
It will be observed that our means are somewhat higher than the 
French and that there is a wider deviation not only between 
individuals, but also in the separate reaction times of each 
individual. 

TABLE 1 
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TABLE 2 
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18 
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In table 2 we have separated the results of moniteurs and 
chasse pilots. The chasse pilots are further divided into the 
"fit" and the "unfit" on the basis already explained. All of the 
moniteurs were reported physically fit. Reactions to tactual 
stimulus are omitted from this table owing to the few moniteurs 
and unfit chasse pilots that are included. 

A further check upon the value of reaction times in the selec- 
tion of aviators is the comparison with ratings in flying ability 
furnished by the training department. We should not expect 
too high a correlation, even though the test is a good measure 
of aptitude in flying, for doubtless the training department rating 
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is f requttitly influenced by other factors, not actually related to 
flying ability. Strict observance of military forms, sociability, 
etc., can not be strictly eliminated from a rating of this sort made 
by several different officers under diverse conditions. We 
might expect, therefore, that a man might be misplaced one or 
more classes in either direction due to these irrelevant factors. 
It was desired for the convenience in handling the data that 
the m«i be classified into ten groups according to general flying 

TABLES 

CorrdaHon of training department roHng with aoerage reaction Hmee (JR. 7.) and 
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ability. Captain Street, in charge of the training department, 
using all the record available in his office, performed this work 
for us. None of the men we examined fell in the last four groups, 
so there are practically six grades classified. The results of 
correlation of these ratings with reaction times and the coeffi- 
cients of variation are given in table 3. The coefficient of vari- 
ation is given, as it may be an index of stability or emotional 
control, as Nepper suggested. The Pearson correlation formula 
(Davenport, C. B. : Statistical Methods, p. 46) was used: 
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Vn 

All the correlation values with reaction times are low, but the 
fact that they tend in the same direction may have some signifi- 
cance, noting that correlations with visual and auditory reactions 
are somewhat higher when the unfit are eliminated. It is very 
doubtful, in our opinion, however, that the simple reaction time 
can be regarded as an adequate test in the selection of aviation 
candidates. It is possible that more complex reaction experi- 
ments, such as those that involve discrimination of varying 
degrees of difficulty, judgment and other modes of association, 
may jdeld important results. Such experiments in the American 
Expeditionary Forces, with the limited equipment and time at 
our disposal, could not be carried out satisfactorily. Experi- 
ments in choice reactions were attempted, but the results are 
too meager to be of value. 

Steadiness test. The apparatus for the steadiness test con- 
sisted of a sheet of copper about one thirty-second of an inch 
thick and six inches square in which holes were drilled H, ^, 
Ji, and J4 of an inch in diameter. This plate was attached by 
one comer to the window sash and could be tiuned up or down 
sufficiently to bring any hole on a level with the eyes of the sub- 
ject when he stood erect. It was connected in series with a dry 
cell, stylus, and signal magnet, adjusted to mark upon the smoked 
paper of a kymograph revolving once in a little over one minute. 
The subject was instructed to stand erect with the right arm 
free from the body, but in as easy a position as possible, and with 
the stylus held horizontally between the thimib and fingers as 
he would held a pencil in writing. He was to take his time in 
inserting the stylus into the hole and was further informed that 
no record would be made imtil he had fairly done so. He was 
to hold it in the hole without touching the sides for a full minute. 
He was warned against holding his breath, as this would interfere 
with his steadiness before the end of the minute, and quite 
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r^ular breathing was recommended. The largest hole was used 
first. After the subject had rested about half a minute the next 
smaller hole was used, and the other two holes in the same 
manner. 

Unfortunately the fixing solution used to preserve the records 
was unsatisfactory and the records were so badly blurred before 
we could count the number of touches that it was deemed advis- 
able to give up the attempt of such a quantitative study. Accord- 
ingly the subjects, 128 in number, were divided into five groups 
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on the basis of the appearance of tremor as shown by inspection 
of the records for the smallest hole. Group 1 (table 4) includes 
those subjects whose records showed only a few scattered con- 
tacts; group 5, those showing practically continuous tremor. 

The best nine in group 2 were selected and added to group 1, 
and the poorest four in group 4 were added to group 5, making 
twenty-five in each of the extreme groups. Of these it was found 
that the training department could furnish ratings in aviation 
ability on nineteen in group 1, and on eighteen in group 5. The 
distribution of these ratings in the two groups is shown in table 5. 
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To determine the relationship between the training depart- 
ment rating and tremor, the Pearson cos v method, in a f omf old 
table (2) was used: 

r^cos y^ ^ x PE^.iiL 

Vad + V be Vn 

in which 

a B number of cases no tremor (group 1) and high rating (1, 2, 3). 15 

b « number of cases, marked tremor (group 5) and high rating 5 

c « number of cases, no tremor and low rating (4, 5, etc.) 4 

d -» number of cases, marked tremor and low rating 13 

The index of correlation was foimd to be 0.725 ±0.181, in 
very striking agreement with Head's statements regarding the 
British findings in their studies of tremor. 

Observers test. Very Uttle attention has been paid to the 
selection of men best qualified for aerial observation, and it was 
strongly impressed upon the officers of the Medical Research 
Laboratory at the Observers School near Tours, to which ob- 
servers from the front were sent on their way home, that the 
aerial observer, from the special demands made upon him and 
the importance of his work, must be as carefully selected and as 
highly trained as the pilot. 

Of the various types of work required of the observer, infantry 
and artillery Uaison, bombing, photographic missions, sketching, 
and visual reconnaisance, the last is of especial interest to the 
psychologist. The observer, on a visual reconnaisance mission, 
must know his sector perfectly from a topographical point of 
view, and must observe and report to the intelligence officer 
any changes in the enemy troops and organization, and in the 
enemy troop rest area, going to a depth of 60 kilometers behind 
the enemy Unes. What is called "cloud reconnaisance," a type 
of observation recommended, gives a suggestion of the intelli- 
gence and keenness required of the observer. Very often the 
clouds are low and form a soUd bank at probably 1000 or 2000 
meters. The enemy takes advantage of the weather to move 
troops or convoys that they would not attempt on clear days. 
To detect such movements the observer climbs up through the 
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clouds, flies by compass until he arrives at the point he wishes 
to observe, dives down through the clouds, gets all the informa- 
tion that he can, climbs up through the clouds again, and goes 
to another point in the same manner. When the observer dives 
through the clouds, he must, of course, get his bearings and orient 
himself instantly, besides making accurate and detailed obser- 
vations. Among the observations that he must make and 
report on are: (1) Movements along roads, behind the enemy 
lines, of troops, their location and direction, and an estimate of 
their number; likewise of transports, their nature, whether general 
service wagons (rations, forage, supplies, etc.) or guns, and 
whether motor or horse drawn. Also movements along rail- 
roads, whether normal or abnormal; trains, whether standard or 
narrowgauge, their location and direction, and number of cars 
in the train; the nature of the train, whether trucks or carriages, 
covered or imcovered, loaded or empty. (2) Dumps, material 
and ammunition, and the rolling stock at stations and in the 
yards. By noting increase or decrease in the size of the dumps, 
and the concentration at railroad stations, it is possible to deter- 
mine the intentions of the enemy in that particular area. (3) 
Airdromes, increase in number and their location, whether 
occupied or unoccupied, and the activity as indicated by the 
number of planes in the field. (4) Camps, hutments, and 
bivouacs must be watched constantly for troop movements, 
and new points of concentration by noting tracks, paths, smoke 
from kitchens and bonfires as signs of activity. (6) Villages 
and towns located behind the enemy lines, noting such things as 
the nimaber of people loitering about the streets, to determine 
to what extent they are being used to station troops. (6) New 
lines of defense, battery positions, especially before their camou- 
flage is completed, trenches, gun emplacements, railroads imder 
construction, must all be watched very closely. (7) Enemy 
aerial activity, the number of planes, their type, insignia and 
markings, location and altitude, and their aggressiveness; hostile 
balloons, and the exact position of the balloon beds; and anti- 
aircraft artillery, their activity, which is usually a good indication 
of the enemy's intentions. 
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With these demands on the observer in mind, it was desired 
to devise a laboratory test that might reveal individual differ- 
ences in the quickness, accuracy and certainty of the observation 
of a situation, requiring definite study, especially of the nature 
and relation of parts, in its recall, and in its recognition when 
again presented. The test here described was applied to about 
fifty observers returned from the front. Incidently the intro- 
spection many volimteered seemed to indicate that it involved 
a very shnilar mental performance to that in actual conditions 
of visual reconnaisance in aerial observation. A series of alumin- 
ium slides, 16 cm. square, each niled off in 2 cm. squares, and 
with holes, 5 mm. in diameter, drilled at six or seven of the forty- 
nine cross-lines, was prepared. These holes were covered with 
red, green or white tissue paper or gelatin. When a sUde was 
inserted in the window of a light-box and illuminated from behind, 
the holes appeared as colored lighted discs of about equal bright- 
ness on a black surface defined by a white border. The window 
was covered by a thin open weave black cloth, and protected 
from side lights by a hood 14 cm. deep, and when unlighted the 
siu^ace of the slide appeared as a imifonn black area. The 
light-box, on a swivel base so that it could be swung aroung to 
the experimenter for changing sUdes outside of the subject's 
view, was placed on the table at which the subject sat, about 
1 meter in front of him. A slide was inserted in the window, 
illuminated, and the subject given instruction and practice in 
plotting the arrangement, by noting their relation to the border 
and to each other, and indicating the color, of the discs, on a 
piece of coordinate paper niled in 1 cm. squares. When the 
procedure was learned, the light was cut off, the practice slide 
removed and replaced by another^ The subject had at hand a 
telegraph key by which he could at will light the box, and, by 
holding the key closed, keep it lighted as long as he desired. 
He was instructed to turn on the light and study the arrange- 
ment of the colored discs until he felt certain he could map them 
accurately on the coordinate paper, and to do this in the shortest 
necessary time. The experimenter, at the side where he could 
watch the work, noted on a stopwatch (1) the time to study 
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taken. When the subject indicated his readiness to map the 
slide by releasing the key and darkening the box, he was given 
pencil and coordinate paper and (2) the time to report the arrange- 
ment and indicate the colors was noted. The subject was then 
asked to say how certain he was of the accuracy of his report. 
"Certain that it is accurate," "Doubtful if accurate" (indicating 
doubtful points by a question mark), and "Certain that it is 
not correct," noted by the experimenter under (3) confidence of 
report as A, B, and C, respectively. The experimenter noted 

(4) the accuracy of report and if incorrect, of if confidence B 
or C, another trial was given following the same procedure, and 

(5) the number of trials necessary for accuracy and confidence 
A noted. When this part of the test was completed, the slide 
was removed, and a dozen slides, among which several times at 
random this slide which had just been studied and mapped 
appeared, were inserted in succession, illuminated by the experi- 
menter, and the subject instructed to react by closing one of two 
keys as quickly as he identified each as the "same" or "different" 
from the one he had learned. The time elapsing between the 
illumination of the slide by the experimenter and the discrimi- 
nation recognition reaction by the subject was measured in 0.01 
seconds by a time marker on a kymograph. 

In scoring the results, the accuracy was graded on the basis 
of 100 for correct reproduction, debiting 8} points for each 
misplaced disc, 8} points for each wrong indication of color, 
and 16} points for each disc added over the correct number six, 
which was the number on the slide. The value of confidence 
was graded by assigning 100 for correct report and judgment 
by the subject that he was certain of his accuracy (A), or if 
incorrect and judged as certain that it was inaccurate (C); 
assigning 50 for both correct and incorrect report where the judg- 
ment made was that he was imcertain as to his accuracy (B); 
and assigning where the judgment was made as certainly correct 
or certainly incorrect when the accuracy was the opposite of the 
judgment. Where several trials were necessary before a correct 
report with confidence A was made, the total time to study, 
the total time to report, the average accuracy, and the average 
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value of confidence, were calculated. The average results of the 
group of 47 observers returned from service on the front are 
given in table 6. 

In the discriminative recognition reaction times, comparison 
was made between the reaction times of the sixth and seventh 
slides in the series, the sixth being "Different" and the seventh 
being "Same," having been preceded in the order: first Different, 
second Same, third Different, fourth Different, fifth Same, the 
Different slides in every case being different from each other as 
well. Forty-one observers retiuned from the front gave the 
average results shown in table 7. 

TABLE 6 



Number of trials necessary 

Total time to study, seconds 

Total time to report, seconds 

Average accuracy, per cent 

Average value of confidence, per cent. 



M 


PEm 


9 


3.45 


±0.19 


1.93 


102.45 


±6.02 


61.20 


149.04 


±9.33 


97.66 


80.96 


±1.25 


12.68 


66.00 


±2.14 


21.76 



RAMOB 



1-8 
27.0-319.0 
18.0-434.0 
100.0-60.0 
100.0-17.0 



TABLE 7 
Reaction times in 0.01 second 




M 


PEm 


9 


C 


RANQB 


"Different" 


97.92 
92.56 


±3.80 
±3.30 


36.10 
31.36 


0.37 
0.34 


46.0-227 


"Same" 


34.0-159.0 







The difference between the averages of the two reaction times is 
sUght and not significant (D = 6.37, PE„ = ±5.03) although 
the variability of the "Different" reactions is slightly more, and 
the range greater, than that of the "Same." 

An attempt was made to determine the relation of the per- 
formance in this test to success as an observer. Ratings 1, 2, 
and 3 (1 being the best), were made of these observers by Capt. 
Gary, M. C, at an interview which he held with each man, basing 
his estimate of the man's ability on a complex of impressions 
gained from his appearance, manner, attitude, report of his 
experience at the front, etc. Unfortunately, no more objective 
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measure of the observer's success or failure at the front, and 
specifically as an observer on visual reconnaisance, could be 
obtained. For purposes of adequately testing the test, such a 
rating would, of course, be necessary. Comparison between 
two groups, group 1 containing those rated 1, and group 2, those 
rated 2 and 3, are shown in tables 8 and 9. 

Inspection of table 8 does not seem to differentiate the two 
groups in any striking way. Differences in the means are present 



TABLES 



Number of 
trials nec- 
essary 

Total time to 
study, sec- 
onds 

Average time 
to study, 
seconds 

Total time to 
report^ sec- 
onds 

Average ac- 
curacy, per 
cent 

Average value 
of confi- 
dence, per 
cent 



OBOT7P 1. 24 CA8B8. CONTAUf- 
INO BATING 1 



M PEm «r C 



3.75 



108.75 



34.60 



162.51 



75.83 



59.17 



=h0.27 



±7.05 



=k2.29 



±14.26 



±1.82 



±3.39 



1.99 



51.20 



16.17 



103.83 



13.200.17 



24.420.41 



0.53 



0.47 



0.48 



0.63 



OBOUP 2. 23 CA8BS. CONTAIN' 
INQ BATXNQS 2 AND 3 



3.13 



95.85 



37.20 



135.00 



86.30 



71.09 



PEm 9 c 



±0.26 



±9.51 



±2. 



±12.42 



±1.33 



±2.39 



1.840.59 



67.800.71 



20.600.55 



88.500.66 



9.46 



16.33 



0.11 



0.23 



0B017P 1-OBQUP 2 



0.62 



12.90 



- 2.60 



27.51 



-11.30 



-11.92 



PEd 



±0.38 



±11.84 



±3.68 



±19.12 



±2.25 



±4.15 



but not significant. The difference (D) between two means to 
be significant should exceed 4| times the value of the probable 
error of the difference (PEo). In one case only we find a signifi- 
cant difference, that in Average Accuracy, in favor of group 2. 
As to variabiUty (C), group 2 is more variable in "total time to 
study;" while group 1 is more variable in "average value of 
confidence." In the case of "average accuracy," while the differ- 
ence in means is in favor of group 2, the variability of group 1 
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is greater, and the coefficient of correlation between rating and 
accuracy in the total group was found to be high, 0.482^=0.172 
(Pearson's co t method). 

Comparison of the two groups in discriminative recognition 
time is shown in table 9. 

It is seen that group 1 is decidedly quicker than group 2 in 
recognizing the slide that has been studied and mapped (D « 
34.30, PE» >" ±6.58). The coefficient of correlation was found 
to be high between rating and quickness in this recognition, 
0.729^:0.173. This fact is interesting when it is recalled how 
important such recognition is in conditions of actual aerial 
observation. Group 1 is quicker (18.5 per cent) in its identi- 
fying the "Same" than the "Different," while group 2 is slower 

TABLE 9 
Reaction time in 0.01 second 



'DifferenV 
'Same"... 



OBOUP 1. aO CASKS. CON- 
TAININQ BATIKO I 



»2.00 
75.00 



PEii 



^4.04 



38. 
26. 



780 
840 



).42 
1.36 



GROUP 2. 21 CASBS. OON- 
TAXNINO BATXNGB 2 AND 8 



08.32 
100 



PEm 



19 



30:i:5 



31 
35. 



400 
300 



1.32 
1.32 



QBOUP 1-OBOUP 2 



- 6.32 
-34.30 



PEd 



±7.42 
±6.58 



(11.2 per cent), the difference in the means being for group 1, 
17.00±7.10, forgroup2, -10.98±6.94. 

Personality. Aside from laboratory test methods of discover- 
ing the qualifications that make the successful flyer, the Medical 
Research Laboratory sought to get an insist into the tempera- 
ment and personality of these men by systematic interviews, 
and more particularly in the arrangement made by which one 
of the writers (Captain Dockeray) completely identified himself 
with the flying personnel, taking the R. M. A. training, and being 
put on flying status. This officer, when assigned to flying duty, 
ate at the flying officers' mess, reported at formations, and in 
every way possible conformed to the routine of flying training 
that a student flying officer undergoes. Thus in addition to the 
experience in flying, he was able to meet more intimately hun- 
dreds of flying officers, who talked much more freely than when 
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they came to the laboratory. In this way the personality of the 
aviators, their habits of recreation, manifestations of staleness, 
and their flying aptitude as observed on the field were studied. 
The general impression gamed was that flying demands and 
encourages a degree of individualism unknown in any other 
branch of the army, something which has been given full recog- 
nition in the French, and especially in the British service, but 
too often not in that of the United States. In learning to fly, 
as in the acquisition of any complex act of skill, there are definite 
periods of lapse in improvement due to certain difficulties in 
adjustment of the organism, and also to the change in attitude 
of the learner. The former should be understood by the moni- 
teurs and others directly in charge of the cadet's training, as it 
would be of assistance in preventing accidents, as well as in 
judging the cadet's ability. The attitude of the cadet is largely 
influenced by his success, but also by the physical conditions 
surrounding him, such as quality of food, sleep, recreation, and 
the relation to his superiors. There are times when the aviator 
does not "feel like flying," as he says, not due to lack of willing- 
ness or desire to fly, but due to an inability to "pull himself 
together." It is a common belief among aviators that they 
should not be compelled to fly at such times. There is no doubt 
that often this feeling can be overcome, especially during emer- 
gency, but it is equally certain that it should always receive 
due consideration during the first weeks of training, and should 
be thoroughly understood by those in charge of flying. 

As to the personality of the aviator, it seems that no general 
rule can be laid down. Quiet, methodical men were among the 
best flyers. What seems most needed by the aviator is intelli- 
gence, that is, the power of quick adjustment to a new situation 
and good judgment. He need not be so quick in motor adjust- 
ments, provided he thinks clearly or makes quick mental adjust- 
ments. The nervous, high stnmg individuals, or those bordering 
on the temperamental, are the least reliable, for though they 
often become good flyers, they are the most liable to become 
psychotic imder stress. 

COMFAmATITB PBTCBOLOaT, TOIL. 1, NO. 2 
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THE PHOTOTROPISM OF LAND SNAILS* 

G. C. WHEELER 

It does not seem probable that an organ as well developed as 
the eye of a gastropod should be functionless. Yet Yung (1911, 
1913) claimed that Helix pomatia L. is totally blind and quite 
indifferent to light, notwithstanding the fact that Willem (1892) 
had previously given reasons for supposing that this species is 
positively phototropic. Hence I have undertaken to determine 
whether the eyes of Helix are functional or not. The problem 
was suggested to me by Professor G. H. Parker and the experi- 
ments were carried on under his immediate supervision. I 
wish here to express my thanks for his valuable advice and 
helpful criticisms. 

The animal used in the experiments was Helix aspersa Miill., 
an introduced species which has become established in Georgia. 
Each snail was isolated in a small battery jar and was given a num- 
ber in order that individual records might be kept. The bottom 
of the jar was covered with a layer of earth, which was kept 
moist. The animals were kept in a dark room at a temperature 
of about 21^0. Apples constituted the main food; fresh cabbage 
leaves were also used. 

The apparatus in which the tests were made consisted of a 
wooden box divided by a partition into two compartments of 
unequal size. The smaller compartment, which contained a 
12-candle-power electric lamp (L), was provided with a ventilated 
cover and rendered light-proof. A large rectangular opening 
was cut in the partition. This opening was covered with a 
diaphragm of black cardboard in the center of which was a 
circular aperture (A) 2.5 cm. in diameter. The center of this 
opening was placed on the level of the middle of the filaments of 

* Contributions from the Zodlogical Laboratory of the Museum of Comparative 
Zo6logy at Harvard College. No. 328. 
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the lamp. A screen of thin white paper (X) was inserted between 
the lamp and the diaphragm to avoid unevenness of illumination 
due to the filaments. Siuce the experiments were carried on 
in a dark room, the larger compartment was left imcovered. 
In it was placed horizontally a circular piece of ground glass 
(G) 32 cm. in diamet^. By means of wooden blocks this plate 
was raised to the level of the bottom of the aperture in the 
diaphragm. The inner walls of both compartments were coated 
with dead-black paint. 

When it was desired to start a snail to creeping, the animal 
was subjected to a more or less prolonged immersion in water. 



/^ 




8 



G 



Fio. 1. Diagram of the Light Apparatus in Which the Snails were Tested 

A, aperture between the two compartments in the box; O, ground-glass plate 
on which the snails were tested; L, electric lamp; S, snail; X, screen of white 
paper. 

Then it was picked up by the shell and placed on the plate in 
the large compartment (see S) 5 cm. from the diaphragm (20 
cm. from the lamp) and immediately in front of the aperture so 
that the long axis of its body was perpendicular to the light rays. 
This method of handling did not cause an actively creeping snail 
to retract even its tentacles. The plate was kept moist and was 
washed frequently to free it of slime. 

If the snail, when placed in the position just described, turned 
toward the light, the reaction was considered positive. If it 
turned away from the light, the reaction was regarded as negative. 
If it turned neither in one direction or the other, but moved 
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straight forward, the response was regarded as indifferent. An 
animal was also considered indifferent when it turned alternately 
to the right and left. When one reaction was completed, the 
animal was lifted up by the shell and turned around so that the 
light was received on the opposite side of its body. 

Ten snails were used in the experiments and an individual 
record was kept for each. Eight individuals were found to be 
negatively phototropic, one was indifferent, and one was too 
sluggish for experimental work. The reactions of any given 
animal were fairly constant from day to day, as is shown in 
table 1. 

TABLE 1 

Locomotor tnovementa, negativef indifferent, and pontive, of snail no. t on different 

days 



Negative.. 
Indifferent 
Positive... 



DBCBMBBB 
5 


DBCBMBBB 
10 


DBCBMBBB 
11 


DBCBMBBB 
12 


DBCBMBBB 
18 


DBCBMBBB 
19 


26 


7 


12 


9 


14 


18 





7 








4 


3 


4 


2 


2 





1 


2 



14 
11 



To ascertain whether the negative phototropism of Helix 
aspersa was dependent upon the eyes or not, snails were tested 
for their responses to light, after which the eyes were amputated 
and the teirts repeated. Amputation was easily accomplished 
with a fine pair of scissors when the tentacles were fully extend- 
ed. The success of the operation could be determined by the 
presence of the amputated eye on the scissors. There was no 
evidence of shock subsequent to the loss of the organs; on the 
following day it was observed that the snail had eaten as much 
as a normal individual and was quite as active as the latter. 
The results of these tests are well illustrated by snail no. 4, 
whose records are given in table 2. 

It is quite evident that the effect of amputation was to render 
the snaU indifferent to light — conclusive proof, when taken in 
connection with the previous tests, that the eyes are functional. 
This experiment also shows that the skin of the snail is not 
sensitive to light, that is, the animals are not dermatoptic. 
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The experiment of cutting off only one eye at a time was also 
tried. As a result the snail became indifferent when the light 
was thrown on the eyeless side^ but continued negative to light 
on the opposite side. The result was the same for the right eye 
as for the left. This seems to indicate that the organ is sensitive 

TABLE 3 

Locomotor movements^ negative, indifferent, and positive to light, of enail no. 4, toith 
and without eyes. The eyes were amputated after the tests of December 10 





WITB STM 


WITHOUT BTBi 




1 

J 

20 



10 


2 
1 


1 


1 


S 

1 
10 

1 


1 

10 

1 


s 

1 

3 
14 

1 


3 

13 

1 


7 
14 
10 


1 

2 
10 

1 


1 


Negative 


9 

1 


29 



11 


3 
2 
3 


?iO 


Indifferent 


73 


Positive 


18 







TABLB 8 

Locomotor movements, negative, indifferent, and positive to lights of snail no. 6. 
Tests were made first in the normal animal, then after the right eye had been ampu- 
tated, and finally after the left eye had been amputated. After the removal of the 
right eye the snail was illumincUed first on the right side and then on the left, and 
the same procedure was followed after the removal of the left eye 





WITH BOTH 
BTB0 


ONLY LBTT BTB rVVCnOttkh 


WITHOUT BTBB 




Decem- 
ber 2tt 


Decem- 
ber 30 


January 7 


January 14 


January 16 




Side illuminated 


SideiUuminated 


Side illuminated 




Right 


Left 


Right 


Left 


Right 


Left 


Negative 


16 

6 
2 


22 
3 

1 


2 
9 
1 


9 
2 

1 


1 
1 
2 


4 






4 
1 


1 


Indifferent 


3 


Positive 


1 







only to light falling into it from the side. As was to be expected, 
when the second eye was removed, the animal became wholly 
indiflferent. The responses of snail no. 5, given in table 3, illus- 
trate these tests. 

To determine whether the heat from the lamp had any eflfect 
on the reactions of the snails, temperature tests were made. A 
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centigrade thermometer graduated to tenths of a degree was 
suspended in the large compartment so that its bulb was in the 
same position as that occupied by the snail in the previous exper- 
iments, but without allowing it to touch the plate. The bulb 
was painted black in order that it might absorb a maximum 
amoimt* of heat. All light from the small compartment was 
excluded from the larger one by placing a black shutter over the 
diaphragm. The larger compartment was illuminated by a 
weak diffuse light from above. After ten minutes the thermom- 
eter was read. Then the shutter was removed and the light 
from the lamp was allowed to fall on the bulb of the thermometer 
for ten minutes. No change of temperature was observed. 

The lamp was replaced by a brass tube one-fourth of an inch 
in diameter, through which live steam was passed. After ten 
minutes with the shutter over the diaphragm, the thermometer 
was read. Then the shutter was removed and after ten minutes 
a second reading was niade. The temperature had risen 0.2**C. 

Thus it is evident that the heat radiated from the lamp was 
insufficient to influence the thermometer, though that from the 
steam pipe produced a slight increase of temperature. The 
question then naturally arose: is the snail sensitive to such slight 
changes? To test this question a snail was selected which had 
a definitely negative record. It was tried first with light to 
make sure that it reacted negatively. Then the steam pipe was 
substituted for the lamp; to this the snail was indifferent. The 
steam pipe was replaced by the lamp; the snail again became 
negative. It was therefore evident that the animal is not sensi- 
tive to any heat that may radiate from the lamp. 

Thus we see that in Helix the normal negative phototropism 
of animals with eyes gives way to a condition of indifference 
to photic stimuli when the eyes are removed. We may therefore 
conclude that the eyes of this snail are sensitive to light. 

These results agree with those of Willem (1892, p. 83), who 
has given evidence to show that European specimens of Helix 
aapersa are negatively phototropic. Willem also foimd that 
Helix pomatia, the species worked upon by Yung, is also influenced 
by light and tends to gather in brightly illuminated areas. It 
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is therefore quite probable that Yung's contention that the eyes 
of snails are fnnctionless is erroneous. He based this conclusion 
partly on the fact that when bright objects were presented to 
the snails, their tentacles were never retracted until their eyes 
were actually touched. This merely signifies, however, that the 
eyes of the snail are of no special value as image-forming eyes. 
I also obtained similar results from Helix aspersa, as well as from 
frogs, but I do not believe that anyone would doubt for this 
reason that the eyes of frogs are fimctional, at least as direction 
eyes. Yung also tried amputating the eyes of snails and claimed 
that it had no effect on the behavior of these animals, a result 
quite contrary to mine. 

SUMMARY 

1. Helix aspersa Miill. is negatively phototropic, at least at 
certain intensities of light. 

2. The photoreceptors are in the eyes at the ends of the dorsal 
tentacles. 

3. The animals are not dermatoptic. 

4. The eyes are sensitive only to light falling in a particular 
direction on the ends of the tentacles. 

6. These eyes probably function as direction eyes only. 
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INTEGRATION OF MOVEMENTS IN LEARNING IN 
THE ALBINO RAT 

A STUDY OF THE ADJUSTMENT OP AN ORGANISM TO AN 
ENVIRONMENT 

JOHN LINCK ULRICH 
VI. BESPONSES TO OBJECTS, OR ''DISCRIMINATION*' 

The importance of the external senses m learning can best be 
discovered in problems where objects to be responded to are 
arranged in definite, well exposed positions, such as in problems 
of ''discrimination." In the problems already investigated, less 
definitely do parts of a problem show that specific sensory excita- 
tions produce responses than is the case when two objects must 
be responded to through visual or other sensory excitations. 
Usually, in problems of "discrimination," one of two lights of 
different physical intensities or of different patterns is supposed 
to be "discriminated" from the other. In such problems, the 
importance of the mechanism of the senses is implied, or sug- 
gested, when stress is laid upon sense fimctioning and a "habit" 
of "discrimination" is designated as a "sensory-motor habit" in 
contradistinction to a motor habit. This supposed distinction 
between the two "habits " arises because problems requiring a pro- 
cess of manipulation, or of progression, are considered somewhat 
different from problems of exclusive sense functioning. Such a 
distinction of "habits," whether made intentionally or not is 
particularly confusing when all theories of learning are strictly 
based upon the establishment of "sensory associations," or 
"sensory-motor connections" in the nervous system. 

The reasoning upon which all the theories of learning are 
based, is that in the early trials in learning a problem, many 
stimuli are supposed to arouse in the external senses excitations 
which spread to internal efferent paths which produce many 
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movements. No movement is produced imless through excita- 
tion in an external sense organ. Excitations in the external 
senses produce the "successful" movements, and from that time 
on with the reduction of the "unsuccessful" movements, sensory 
excitations which produce the "successful movements" become 
associated or connected. The idea of "sensory associations" 
being formed in learning to the exclusion of practically all else, 
is inseparably bound up with the view of the existence of the 
"successful " movements. This idea is usually expressed by say- 
ing that learning consists of a reduction of the number of the 
senses used, to the exclusive use of one or a few external senses, 
and of the "kinaesthetic" senses. This practically amounts to 
saying that all learning is ultimately the result of sensory 
"discrimination." 

It has been shown that the greatest number of movements 
are made by rats with undeveloped reflex extensor thrusts, and 
this accounts for the statement that excitations in the external 
senses are not always necessary to produce responses. Compen- 
sation in the use of a large number of muscles has been observed 
to be the rule when the functional condition of the organism is 
not the best. The production of numerous movements without 
the intervention of sensory excitations may be accounted for by 
the existence of inadequate inter-connection of efferent neurons in 
the two half centers in the cord for extension and flexion of the 
limbs when an imequal antagonistic action of the limbs exists. 
That efferent interconnections in the cord are of some importance 
in the production of movements is in accord with the researches 
of Brown (47) (48) (49) on progression. 

It has, however, been observed that in the early trials in learn- 
ing, certain external senses may be used, and later the behavior 
of the rat indicates that these senses are not regularly used. The 
senses are usually reintroduced when a disruption of responses 
occur in consequence of the appearance of an imperfect response. 
This temporary use of a number of sense organs does not neces- 
sarily increase the number of movements as some theories of 
learning state, but in addition to the production of movements, 
increases the extensor tone of many reflexes and increases the 
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efficiency of the rat. This increase in extensor tone of reflexes 
is most necessary in the early trials of learning. In the early 
trials in learning the latch-box^ the inclined-plane, and the maze 
problems, touch, vision, and olfaction and internal senses im- 
doubtedly increase the extensor tone of many reflexes, making 
it possible for excitations in one or more of the external senses to 
produce adequate responses. Agam, if at any time during learn- 
ing, directive integration is disrupted by the occurrence of imper- 
fect responses, then vision is seen to be reintroduced to facilitate 
posturing for progression and for the manipulation of the mech- 
anism of a problem. Disruption occurs when inadequate posture 
with the performance of an imperfect response is produced, be- 
fore the latch, the plane, or when progression takes place into a 
cul de sac in the maze. Vision does not direct the rat's course, 
or directly produce movements, but produces adequate posture, 
so that movements can be produced in a definite direction. 

Many of the foregoing statements were substantiated by addi- 
tional experimentation with the latch-box problem. These 
experiments were undertaken to see whether at any time during 
learning one part of this problem was ''discriminated'' from 
another part, or whether the excitations in the external senses 
increased the reflex tone of an organism in such a way that a 
definite response could be made. According to this last state- 
ment, a movement could be said to be produced when posture 
had become adequate. A sensory excitation does not directly 
produce a movement of one part of the rat's body, but adequate 
posture conditioned by a sensory excitation produces a move- 
ment. In previous investigations of learning of the latch-box 
problem, posturing to produce the neck reflex movement was seen 
to be more important than excitations received from the latch 
when it was touched, for repeated touching of the latch did not 
produce this movement. Posturing was necessary, and it is to 
be seen if the same thing is not true in so-called problems of 
''discrimination" when it is supposed that one part of the latch- 
box problem is "discriminated" from another part. 

The experiments with the latch-box problem consisted of two 
parts: the first part was to introduce the sense of vision by 
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disrupting directive integration after it had been facilitated; the 
second was to establish, from the first trial, the use of vision for 
progression to the latch. This disruption of directive integra- 
tion was easily accomplished, and the use of vision was intro- 
duced when the problem was shifted to the right or to the left 
of its former position. With the first part of the experiment, 10 
rats were used that had 60 or more trials in learning the latch- 
box problem. To bring about the permanent use of vision 8 rats 
were used. The problem box was before each trial rotated 90 
degrees in different directions from the first position. In the 
first position, the door of the problem box was opposite the en- 
trance box. One trial a day method was used. The rats were 
53 days old, when fed for 3 dajrs in the problem in the first 
position. 

Shifting the problem to the ri^t or to the left from a previous 
position often produced as decided a disruption in directive inte- 
gration, as when an imperfect response occurred and vision was 
introduced to re&stablish progression to the latch. When the 
problem was shifted from 7 to 10 cm. to the ri^t while the exper- 
imenter faced the problem, disruptions in directive int^ration 
occurred with the introduction of vision to reestablish progres- 
sion to the latch. Preliminary experiments with 5 rats deter- 
mined these distances by shifting the problem from 1 to 2 cm. at 
a time. Shifting the problem to the right, necessarily produced 
the greatest disruption, for the latch was on the left side of the 
door and in direct line with the entrance box. Progression had 
to be more diverted when the problem box was shifted to the 
right than to the left. Thus 10 cm. to the left of the old posi- 
tion would accomplish disruption of directive integration, whereas 
6 cm. would do the same thing when the problem or latch was 
displaced to the right. Shorter distances in either direction 
produced very little effect, only slight disruptions in the attain- 
ment of posture imder the latch were occasionally noted, and 
sometimes no change in the movements of the rats could be de- 
tected. At any of the maximum distances, disruption of pre- 
viously facilitated responses occurred. Progression was to the 
old position of the problem with the production of one or more 
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ineffective neck reflex movements, and then vision or touch was 
introduced to reestablish the position under the latch and the 
attainment of posture to produce the neck reflex to raise the 
latch; or disruption in directive integration was so great that 
progression was around the problem and vision or touch reestab- 
lished posture imder the latch. This disruption of directive 
int^ration continued for several trials when the problem was 
shifted to 6 cm. to the right and 19 cm. to the left of its old posi- 
tion. Usually on the filth or sixth trial, directive integration 
and posturing With the production of the neck reflex movement 
were once more uninterrupted. 

To force the constant use of vision to produce posture under 
the latch, the problem before each trial was shifted greater dis- 
tances from the first position. Rotating the problem 90 degrees 
before each trial was very often f oimd to bring about the use of 
vision. On one day, the door of the problem box was 90 degrees 
to the right, on otJier days 90 degrees to the left, and still on 
another day 180 d^rees from its first position when the door 
was opposite the entrance box. 

In many instances the first trial had facilitated to some extent 
directive integration to the first position of the door, for on the 
second trial repeated progression to the previous position of the 
door occurred, and frequently movements of the head to and 
fro indicated that vision on the second trial conditioned progres- 
sion to the door, and the production of posture under the latch. 
Posturing under the latch in a postion 00 degrees from the first 
one was accomplished, or took place after some part of the body, 
principally the vibrissae, itouched the door. This behavior 
brou^t about movements which culminated in the production 
of posture and the neck reflex movement. On the third or 
fourth trial, the behavior of the rat changed; progression around 
the problem occurred several times and it finally ended, either a 
short distance in front of the latch or close to the latch. In such 
cases, movements of the head and contact with the latch resulted 
in the production of posture and the neck reflex movement. 
When progression ended near the latch, vision brought about 
progression with the gradual production of posture. After sev- 
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eral trials, the ending of progression before the door became less 
frequent, and the slowing of progression on nearing the latch 
was a more r^ular performance. At the end of thirty trials, 
vision almost continuously aided the adjustment of the body for 
progression, and for the production of the neck reflex movement 
more often than the method of contact with the door by the 
vibrissae. Frequently, imperfect responses occurred when this 
last method was used. 

With the occurrence of two different methods to attain pos- 
ture under the latch, it may be said that touch in one instance 
and vision in another brings about with many other sensory 
excitations posturing for the production of the neck reflex move- 
ment, rather than that one part of the problem is by either method 
^'discriminated'' from another part. When progression ends or 
slows down before the door and vision is introduced, there is a 
recurrence of the behavior of the rat noted on the second and 
third trials when learning of the latch-box problem was under 
investigation; when touch was used to bring about the attain- 
ment of posture, there reappeared conditions existing in some rats 
on these very trials when vision was not used and learning of the 
problem was difficult. There appears to be no difference in the 
behavior of rats when the problem box remains in one position, 
or is rotated before each trial, with the exception that when the 
problem is rotated, behavior existing in the early trials of learn- 
ing with the problem box in one position persists. 

Apparently, these results show that ''discrimination" can be 
reduced to a more definite explanation than is implied by using 
the terms "sensory discrimination" or "sensory motor habit." 
The latch is responded to in the usual way with the problem box 
in one position, but with the aid of vision to produce direct pro- 
gression and posture. Sense functioning is not something in a 
measure apart from the fimctioning of a more important part, 
the developed integrated reflex of the rat. It was seen in the 
investigation of learning in other problems that the receiving of 
adequate stimulus did not produce a response if the fimctional 
condition of integrated reflexes were undeveloped. The same 
thing is observable in past investigations of "discrimination" 
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when two lighted screens of different light intensities were used. 
It is evidenced in the great number of trials required, the insti- 
tution of punishment, and in the average number of "correct" 
responses made. To substantiate this conclusion, the present 
extension of investigation of responses to two objects was under- 
taken. The first objects required to be responded to were a ball 
and a cube, and the second to two illuminated screens of differ- 
ent light intensities. 

The ball and the cube were made of solid maple wood painted 
a uniform flat light grey colour. The ball was 8 cm. in diameter 
and the cube 8 cm. square. These two objects were placed in 
the problem box (fig. 12). This box was different from those 
usually employed in "discrimination" of patterns or lighted 
screens, in that progression to the objects was unhampered by 
any partition separating the objects. These objects were placed 
in a large open space 115 cm. by 46 cm. which permitted perfect 
freedom of movement in all directions. The course to the food 
was not past the objects, as is customary with other prpjblem 
boxes of a similar kind, but was continued down a hole in front 
of either object, then through a passage to the food. At the 
rear end of the problem there were three small compartments 
connected with each other by sliding doors which could be oper- 
ated by pulling strings attached to them. Food was placed in 
either one of the rear end side compartments which were con- 
nected by doors with the passage ways leading from the largest 
compartment through the holes in front of the objects to be 
responded to. The center rear end compartment, or home box, 
was connected with this large compartment by a sliding door 
which likewise could be operated by pulling a string. The entire 
problem, with the exception of the objects to be responded to, 
was painted a dtill black. 

At the time of experimentation a rat was placed in the central 
rear end compartment, and then it was admitted to the largest 
compartment by opening a small sliding door operated by a 
string. The operator stood at the other end of the problem and 
at some distance from it. Progression to either food compart- 
ments could be through either hole imder the objects to be re- 
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sponded to and then through a side passage to a food compart- 
ment. Admittance to this last compartment was accomplished 
by pulling a string which raised a door. The movements of a 




FiQ. 12 



rat were carefully noted and these observations were facilitated 
by a large mirror placed at an angle of 45 degrees over the largest 
compartment. The entire problem was uniformly illuminated 
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with electric lights and reflectors; so that no shadows were cast 
by either the ball or the cube. 

Some preliminary work with the ball and cube problem showed 
that a response to either the ball or to the cube was, in rats, a 
difiScult thing to produce. After a great many trials only an 
occasional response to either object, or first to one then the 
other occurred. From almost total negative results, a fair under- 
standing of the problem was obtained. The impossibility of 
producing a response led to a continuation of investigations, for 
learning under a difficult situation must be investigated. From 
an understanding of the limits or the inadequacy of responses 
produced, the responses to objects can be reduced to a more 
definite explanation than is implied by the usual statement of 
a rat's inability to ^'discriminate" or ^'establish a sensory motor 
habit." As previously pointed out, it is from a consideration of 
negative as well as of positive results that learning can alone be 
understood. • 

Since a response produced in a rat is closely link;0d up with the 
fimctional condition of the reflex extensor thrusts, it is once more 
advisable to correlate their condition with every response made 
to the ball or to the cube or to both objects. From 150 rats 40 
to 60 days old, 11 were selected because of the functional con- 
dition of the extensor thrusts of their limbs. In order to deter- 
mine the degree of fluctuation of the thrusts tests of the thrusts 
were conducted for 3 da3rs prior to feeding in the problem. Two 
rats were obtained in which the reflex extensor thrusts promised 
to be constant. One rat was taken in which no extensor thrusts 
could be evoked. In the remaining 9 rats a right or a left ipsi- 
lateral fore thrust could be evoked, or either of these reflex thrusts 
could be evoked with a stronger extensor tone than its contra- 
lateral. When not very promising results were obtained from 
any of these rats, another rat with functionally well developed 
reflex thrusts was selected. With this rat learning the maze 
problem was completed in 20 trials. 

Food was placed in both food compartments during 5 days of 
preliminary feeding. All the doors leading to parts of the prob- 
lem box were opened and free access to all parts was possible, so 
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that adjustment to the environment of the problem could be 
facilitated. The number of dasrs for adjustment to the problem 
was determined at the time of preliminaiy experimentation. It 
was then seen that the most effective responses, including effective 
progression to the objects to be responded to, appeared often on 
the second day's or even on the first day's trials, and fewer than 
5 days of feeding did not resxilt in a complete adjustment of all 
rats to the problem box. Adjustment to the problem was thought 
complete when the first trial showed evidence that direct progres- 
sion to either food compartment wte possible. With some rats, 
direct progression appeared with fewer days of feeding, but one 
method of 5 dasrs for all rats will most likely produce compara- 
tive results on the first trials. 

A number of considerations determined the method employed 
for invest^ation of responses to two different objects, the ball 
and the cube. Much of the work done by other investigators 
on '* discrimination" has been based upon the number of *' cor- 
rect" responses made without the intervention of any known 
stimulus, other than is supposed to be produced by the objects 
to be "discriminated." A "correct" response could constitute 
progression to the food without the production of a definite 
response to the objects. Preliminary work with the ball and the 
cube problem, and investigations in learning in other problems, 
showed that it is the effective performance of definite responses 
that can be produced in an organism that determines the so- 
called correct response. It was effective progression followed by 
the performance of the neck reflex in the latch-box and by the 
extensor thrust in the inclined-plane problem that determined 
learning of these problems. In the maze problem, it was effective 
direct progression through alleys and through turns to a goal 
that could be said to constitute learning of this problem. Pro- 
gression, and a definite response to one of two objects when effec- 
tively performed must constitute a correct response. 

The experimental procedure in the new problem was very 
simple. Food was associated with the ball. The number of 
trials given daily varied throughout learning. For the first 10 
days, 10 or 20 trials were given, but later 20 tp 25 or even 30 
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were given. The number of trials on some days was increased, 
but never more than 5. This increase was made when, at the 
end of a series of trials definite responses to either the ball or the 
cube or to both tended to appear. Additional trials, it was 
thought, would develop interaction of body parts for direct pro- 
gression to the objects, produce effective responses to them, and 
then progression to the food. The reflex extensor thrusts were 
tested before each daily series of trials and only occasionally 
throughout these trials. Tests were not made before each trial, 
for it was thought that too frequent tests would affect the fimc- 
tional condition of the reflex extensor thrusts, producing more 
active fluctuations of them. Throughout learning the ball and 
the cube problem, every means must be considered that will 
facilitate the appearance of effective responses to the ball, or to 
the cube, or to both. 

When effective responses are recognized, every movement that 
is produced by a rat is imderstood. As a result it is easier for 
the operator to control the movements of a rat. Responses to 
noises produced as a consequence from shifting the objects to be 
responded to, or moving the food dish in the food compartments 
can be determined, and adequate measures to exclude them can 
be made. And no help such as shifting of cards or ^'casting of a 
die" are necessary to establish the position of the ball and cube 
to prevent the facilitation of a position habit, or the constant pro- 
gression to one food compartment. Moreover punishment was 
not used to obtain a maximum of ''correct" responses, for some 
work with punishment showed that it was an extremely artificial 
way to produce what ought naturally be an effective response. 
In fact effective responses become less clearly understood, for 
there are produced exaggerated effective responses to the objects. 
Every "natural" movement produced in the environment of 
the problem is of more interest and significance in producing a 
cimiulative effect on the organism or increasing the mechanical 
efficiency of the organism than those produced by excessive 
stimulation. 

During the first 10 trials, direct progression to the objects to 
be responded to, or directive integration, is facilitated. Pro- 
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gression is not direct during the first few trials, but short and 
long spurts are made. Sometimes retracing of steps to the door 
of the home compartment occiurs. Usually the same path is 
taken for several trials to one food compartment even though 
food may not be present in it. Occasionally the following of 
one path becomes so persistent that it is advisable to cover the 
hole which leads to the compartment. When progression through 
the other hole occurs, the cover on the first hole can be removed. 
Usually then progression, alternating through one hole then 
another, is facilitated. Direct progression through either hole 
for a trial or two, without obtaining food, produces a change of 
behavior in a rat. Ineffective progression and responses to the 
objects appear, and objects are touched, smelt, and gazed at. 
Progression to a food compartment may then be diverted in the 
direction of either object. With most rats, such behavior occurs 
during the first 10 daily trials. Sometimes when 20 trials are 
given, effective responses either to the ball or to the cube may be 
produced. 

In all problems investigated, ineffective movements of one 
kind or another precede the actual performance of the important 
movements that solve the problem, and in many cases precede 
the occurrence of imperfect responses. The same thing occurs 
in a problem requiring responses to two different objects such as 
the ball and the cube, but with this problem it can not be said 
that imperfect responses are produced. Instead, constant pro- 
gression to one food compartment is likely to be established, or 
wandering progression in place of direct progression occurs. 
Ineffective responses to the ball or to the cube or to both objects 
appear to be more in the nature of imperfect responses, but tiiese 
responses seem to be but an early facilitation of the attainment 
of posture for a response to the objects. The apparent absence 
of imperfect responses is possibly due to the existence of a greater 
freedom of movement in this last problem than is permissible in 
the other problems investigated. 

Responses to the ball, or to the cube, or to both are produced 
more numerously by rats as the reflex extensor thrusts appear to 
be better developed. Only in one rat were effective responses 
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to the objects produced for many trials, and this rat had pre- 
viously learned the circular maze in 20 trials. In this rat the 
reflex thrusts were well developed, not fluctuating to any per- 
ceptible extent and reflex excitability was manifest. The other 
rats, selected with apparently iully developed reflex thrusts, 
showed, after a few trials, that the thrusts were not constant 
but fluctuated, and often only one ipsilateral fore reflex thrust 
could be evoked when the rat's head was bent to the right or to 
the left of the midline of the body. With some of these rats, 
before fluctuations became active, responses to the objects 
occurred from time to time. With other rats, in which at the 
outset the reflex extensor thrusts were functionally undeveloped, 
very few responses appeared, and these were usually ineffective. 
Thus the number and the effectiveness of the responses to the 
two objects, the ball and the cube, are dependent upon the devel- 
opment of the rat's integrated reflexes, and not exclusively or 
primarily upon the external senses or specific sensory motor 
connections. The mechanical efficiency of the organism in an 
effective adjustment to an environment is an important factor. 

When the reflex extensor thrusts are fully developed, as was 
the case in the rat which had previously learned the circular 
maze problem, responses to the objects appeared in the first 
20 trials. On the second series of 20 trials, the responses to the 
ball or to the cube or to both objects appeared still more definite. 
Progression to the objects and to the food was not rapid, but 
slow to the ball or to the cube, or first to one and then to the 
other, and then more rapidly to either hole to the food. The 
external sense, vision, at all times determined progression to the 
objects, and either one or both of them were touched by the 
vibrissae, or by the putting of both fore feet on them. 

At times, olfaction was noted to produce a change in the direc- 
tion of progression through either hole to either food compart- 
ment. Sometimes it appeared difficult to distinguish whether 
the senses olfaction or touch by the vibrissae or both were func- 
tioning, however, when progression was close to the objects and 
the vibrissae came in contact with them, it was safe to conclude 
that the sense of touch by means of the vibrissae functioned and 
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not olfaction. During this second series of 20 trials vision deter- 
mined progression to the ball; it was touched on two different 
trials by the feet and adequate responses to the ball followed. 
Once vision produced an inadequate response. On the remain- 
ing trials, direct progression to- the food occurred, or inadequate 
or ineffective responses to the objects were produced. 

During succeeding series of trials on other dasrs, an increase 
in the number of responses appeared, and those produced by 
touch of the forefeet predominated. These responses become 
more frequent when the ball is alone touched, or when it is the 
last of the two objects touched, and they are less often produced 
when the cube is alone touched, or after the ball is touched. 
Vision is only at times effective in producing responses. Up to 
the five hundred and sixty-fifth trial, many responses to the 
objects appear. The adequate responses to the objects that 
leads to the food comprises about half of the number given in 
one day's series of trials. These adequate responses are produced 
by vision or by touch of either the ball or the cube, but more 
often the stimuli from the ball is effective. At the end of the 
1400 trials, vision determined the greater number of adequate 
responses. Table 36 gives some idea of the gradual development 
of adequate responses to the two objects. Direct progression to 
the hole underneath the ball without a response to the ball is 
recorded with inadequate responses. Such direct progression 
could not alone be detected by the speed of the rat, but also by 
the position of the rat's head which was lowered some distance 
before the hole was reached. There was no apparent diflSculty 
in distinguishing rapid direct progression to the food, and slower 
progression to the ball and a response to it, before continuation 
of progression to the food. 

Experimentation was continued to 1740 trials, but a great 
number of adequate responses were not produced until 1390 
trials. From 1390 to 1416 trials, 21 adequate responses appeared. 
The records on some days were often inferior to other days. 
This variation in the records appeared almost invariably every 
other day, and seemed to indicate an absence of efficiency in the 
organism after effective production of responses on a preceding 
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day. From the movements of the rats, it was quite apparent 
that the effectiveness of reflexes for posturing for progression 
and for producing adequate responses was lacking. It was at 
times evident that vision or touch could not increase the exten- 
sor tone of certain muscles to produce adequate responses. 

It appeared in the early triads, vision must be supplemented 
by touch of the feet or of the vibrissae. The gradual increase in 
the use of vision was shown in tables 37, 38, and 39, which are 
the records of three different dasrs. Numbers 1 and 2 on these 
tables refer to the positions of the ball and the cube in the prob- 

TABLE86 



TBIALB 


TOUCH FBVr 


TOUCB TXBBIMAB 


VUION 


ADSqUATB 
BSBPOmSS 


DIADB- 
qUATB 

Bupomn 


1-20* 


Both 4 


Bothl 


Both 4 


3 


17 


20-40 


BaU 2, both 2 




BaU 4 


5 


15 


124-144 


Cube2,baU4, 
bothl 




BaU 2 


7 


13 


320-^45 


BaU 12, cube 4 






12 


13 


410^135 


BaU 7, both 11, 
cube 1 


BaU 1, both 5, 
cube 3 


BaU 1, both 2 


14 


11 


645-566 


BaU 5, both 4 


BaU 1, both 3, 
cube 2 


Bothl 


11 


14 


630-655 


BaU 2 


BaU 6, both 2, 
cube 2 


BaU 2, bothl, 
cube 3, vi- 
sion and 
touch 4 


19 


6 


847-S72 


BaU 8 


BaU 1, cube 1 


Both? 


15 


10 


1216-1241 


BaU 1, cube 1 


BaU 3, cube 5 


BaU 8, cube 2 


16 


99 


1390-1415 


BaU 2, both 2 


BaUl 


BaU 11, cube 6 


20 


5 



lem box. When the ball was in position 1, it was to the left of 
the operator and in position 2 lo the right of the operator. When 
a statement accompanies a record, it indicates that an adequate 
or an inadequate response was made to either the ball, or the 
cube, or to both objects. 

The first of these tables, table 37, shows that from 410 to 436 
trials responses either to the ball or to the cube or to both oc- 
curred at different times. Responses were produced more often 
to both objects, than to either one of them, and when touch 
produced adequate responses, the ball was the last object touched. 
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When vision was used, the head was moved in the direction of 
the ball then to the cube, and an adequate response was usually 
produced. The most immediate and effective responses were 
those produced following touching of the ball^ by the feet. On 
the second of these tables, table 38, which gives a day's series of 
trials from 630 to 665 trials, rather different results are pre- 

TABLE87 



TBIAUB 




410-2 




411-1 


Response to touch of the feet to ball then cube 


412-2 


Response to touch of the vibrissae to cube 


413 + 2 


Response to touch of the vibrissae to ball 


414 + 2 


Response to touch of the feet to ball then cube 


416-2 


Response to touch of the feet to ball then cube 


416-1 


Response to touch of the feet to ball 


417-2 


Response visual to ball then cube 


418 + 1 


Response to touch of the feet to cube then ball 


419 + 1 


Response to touch of the feet to ball, cube then ball 


420-2 


Response to touch of the feet to ball, cube then ball 


421 + 1 


Response to touch of the feet to ball 


422-2 


Response visual to ball and cube 


423-2 


Response to touch of the vibrissae to cube 


424 + 1 


Response to touch of the feet to the ball 


426 + 1 


Response to touch of the feet to the ball 


426 + 2 


Response visual to ball then cube 


427-2 


Response to touch of the feet to cube 


428 + 1 


Response to touch of the feet twice to ball 


429 + 1 


Response to touch of the feet to ball 


430 + 2 


Response visual to ball and cube 


431+2 


Response to touch of the feet to cube then ball 


432-1 


Response to touch of the vibrissae to ball 


433 + 1 


Response visual to the ball 


434-2 


Response to touch of the vibrissae to the cube 


436 + 2 


Response visual to the ball and cube 



sented. In this table, it is recorded that vision more often pro- 
duces adequate responses, and chiefly from stimuli received from 
the ball and the cube. Touch of the ball or the cube by the 
vibrissae produces few definite responses. Both objects are 
responded to in one instance when vision and in another when 
touch is used. Either object alone can now produce an adequate 
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response for the continuation of progression to the food. Ade- 
quate responses to one object are most evident on the next 
table, table 39, which gives a series of trials from 1390 to 1415 
trials. In the beginning of this series of trials, touch by the 
feet or by the vibrissae produced responses, but vision is recorded 

TABLE 38 



TRLALB 


- 


630-1 


Response to touch of the vibrissae to ball 


631 -1 


Response to touch of the vibrissae to ball 


632 + 1 


Response to touch of the vibrissae to cube 


633 + 1 


Response to touch of the vibrissae to ball 


634 + 2 


Response to touch of the vibrissae to cube 


635-2 


Response to touch of the vibrissae to cube 


636 + 1 


Response to touch of the vibrissae to ball and cube 


637 + 2 




638 + 2 


Response to touch of the vibrissae to ball 


639 + 1 
640-1 
641+2 


Response visual to ball and touch of the feet to cube 


Response visual to cube 


642 + 1 


Response to touch of the vibrissae to ball 


643 + 1 


Response to touch of the vibrissae to cube and ball 


644 + 2 


Response to touch of the vibrissae to ball 


645 + 2 


Response visual to cube 


646-1 




647-2 


Response visual to ball and to touch of the cube 


648 + 1 , 


Response visual to cube and to touch of the ball 


649 + 2 


Re^nse visual to cube 


650 + 2 


Response visual to ball 


651 + 1 


Response visual to ball 


652-1 


Response to touch of the feet to the ball 


653 + 2 


Response to touch of the feet to the ball 


654 + 1 


Respinse visual to cube and to touch of the feet to ball 


655 + 1 


Response visual to ball and to cube 



to have produced the greater number of responses and chiefly 
from stimuli received from the ball. 

From the first trials in the ball and cube problem, touch fre- 
quently produced responses and it is again employed in the first 
of each day's series of trials. Later vision is resorted to in the 
remaining trials. Touch seems to be less adequate to produce 
responses than vision, and this conclusion is reached not only 
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because of the rapidity with which the responses are made with 
the use of vision, but because many more consecutive adequate 
records are made. Again with the use of vision, responses at 
the end of learning are made to one of the objects. Because the 
ball is in direct line with the food, more rapid responses are made 
to it than to the cube. There appears to be as a result no so- 
table 89 



TmiiXB 




1390-2 




1391-1 




1392 + 1 


Response to touch of the feet to baU 


1393-1 


Response visual to ball 


1394 + 2 


Response to touch of the feet to ball 


1395 + 2 


Response visual to the ball then to touch of the feet to cube 


1396-1 


Response to touch of the vibrissae to ball 


1397 + 1 


Response visual to ball 


1396 + 1 


Response visual to ball and the cube 


1399 + 2 


Response visual to ball 


1400-2 


Response visual to ball 


1401 + 1 


Response visual to ball 


1402 + 1 


Response visual to cube 


1403 + 2 


Response visual to cube 


1404 + 2 


Response visual to ball 


1406 + 1 


Response visual to ball 


1406 + 1 


Response visual to ball 


1407 + 2 


Response visual to cube 


1408 + 2 


Response visual to ball 


1409 + 2 


Response visual to ball 


1410 + 1 


Response visual to cube 


1412 + 2 


Response visual to ball 


1413 + 1 


Response visual to ball 


1414 + 2 


Response visual to cube 


1415 + 2 


Response visual to ball 



called "discrimination'' of the two objects, but a tendency to 
produce responses in as definite a manner to one object as is 
made to the latch of the latch-box, or to the plane of the inclined- 
plane problem. There appears to be no difference in the way a 
response is produced to the latch, the plane, or the ball. Pro- 
gression to all these objects is to a definite place, posture is pro- 
duced, and another response is made which results in a contin- 
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uation of progression to the food. In fact posture for progression 
to any of these objects passes into posture to produce a response 
to these objects, and once more posture is attained for progres- 
sion to the food. In the ball and the cube problem, as in the 
latch-box problem when rotated, vision is forcibly introduced. 

There is much difference in the results obtained from rats in 
which the reflex extensor thrusts of the rat's limbs are imde- 
veloped. Two rats selected with functionally developed thrusts 
and in which in a few trials these thrusts fluctuated, produced 
rather indifferent results. Fluctuations of these thrusts in one 
rat was so marked that very few responses were produced to the 
ball, to the cube, or to both objects; but from the other rat 
rather interesting results were obtained, which supported the 
conclusion arrived at from the results obtamed from the rat of 
the preceding experiment. 

One of the rats, in which there could be evoked in the begin- 
ning of learning the problem, well developed reflex thrusts of the 
limbs, in later trials when the rat's head was passively bent to 
the right or to the left, the extensor tone of the right ipsilateral 
fore thrust was stronger than the left and the right fore thrust was 
alone evoked, or simultaneously with the evoking of the right 
fore thrust its contralateral was also evoked, and when the head 
was extended dorsally 45 degrees of the midline of the body 
either a left fore ipsilateral thrust or none was evoked. 

This rat was given 1740 trials. During the first 260 trials all 
reflex thrusts were evoked, and at the three hundredth trial the 
thrusts began to fluctuate slightly. The results obtained prior to 
active fluctuations of the extensor thrusts were promising for the 
first 20 trials, and several of other series of 20 trials given daily, 
showed as many responses to the objects as that of the first rat. 
Either touch or vision produced these responses. With 400 
trials these responses were increasing and on the last of these 
trials, it was noted that the reflex tone of the right ipsilateral 
fore thrust was weak and the left fore thrust could not be evoked. 
The extensor tone of the hind limbs was also weak. Vision to 
produce responses was rarely employed. This may be seen on 
table 40. Very few consecutive responses to the ball or to the 
cube or to both objects were produced. 
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In later trials, adequate visual responses to the objects do not 
increase in number. The same thing can be said of touch, but 
olfaction produces in an inadequate way responses to the objects. 
Table 41 gives the record from 1640 to 1665 trials. This record 
is an exceptionally good one; those of other days frequently 
showed but an occasional response to either object. On such 

TABLE 40 



TBIALt 




370 — 2 




371-1 




372-2 




373 + 2 


Response of the touch of the vibrissae to cube then to ball 


374-2 


Response visual to cube and to ball 


376-1 


Response of the touch of the vibrissae to cube 


376-2 


Response of the touch of the feet to cube 


377-1 




378-2 




379-1 


Response of the touch of the vibrissae to cube then to ball 


380-2 


Response visual to cube 


381-1 


Response of the touch of the feet to cube 


382-2 


Response visual to cube 


383 + 1 


Response of the touch of the feet to cube 


384 + 1 




386-2 




386 + 2 


Response of the touch of the feet to ball 


387-2 




388-1 


Response visual to cube 


. 380 + 2 


Response to touch of the feet to ball 


300 + 1 


Response to touch of the feet to cube 


391-1 


Response to touch of the vibrissae to ball 


392-2 


Response visual to cube and touch of the vibrissae to ball 


393 + 1 


Recuse visual to ball 


394 + 1 


Response visual to ball 


395-2 





days progression is more often direct to either food compartment, 
and no evidence of a response to the objects can be detected. 
This behavior is particularly true when a test of the reflex thrusts 
shows marked fluctuations before a day's series of trials begins. 
On the other hand when the extensor tone of the limbs are stronger 
than on other dasrs, the behavior of the rat is quite different. 
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Frequently, then, progression slows down as the objects are 
neared, the head is moved in the direction of either the ball or 
the cube, and instead of visual excitations producing a response 
which would continue progression to a food compartment, as 
occurred with the preceding rat, progression is to the ball, or to 

TABLE 41 



TBIALS 


• 


16i0- 1 




1641 -1 




1642 + 2 


Response olfactory to ball and to cube 


1643 + 2 


Response olfactory to cube 


1644 + 1 


Response visual to cube and olfactory to ball 


1645 + 1 


Response visual to cube and olfactory to ball 


1646 + 2 


Response visual to cube and ball 


1647 + 1 


Response visual to cube and olfactory to ball 


1648 + 2 


Response olfactory to cube and to ball 


1649 + 2 


Response olfactory to ball 


1650 + 1 


Recuse olfactory to ball 


1651 + 1 


Response visual to cube and olfactory to ball 


1652 + 2 


Response visual to cube and olfactory to ball 


1653 + 2 


Req)onse visual to cube and to ball 


1654 + 1 


Response olfactory to ball 


1655 + 2 


Response olfactory to ball 


1656 + 2 


Response olfactory to ball 


1657-2 


Response olfactory to ball and to cube 


1658 + 1 


Response olfactory to ball 


1659 + 2 


Response olfactory to ball 


1660 + 1 


Response olfactory to ball 


1661 + 1 


Recuse olfactory to ball 


1662 + 1 


Response visual to cube and olfactory to ball . 


1663 + 2 


Recuse olfactory to cube and to ball 


1664 + 2 


Response olfactory to cube and to ball 


1665-2 





the cube, or to both objects, and olfaction produces an adequate 
or an inadequate response. At other times, progression is to one 
or both objects and olfaction produces a response. Only on the 
first two trials are the objects unresponded to. Of the 25 trials 
given on this day, 19 adequate responses were produced, most 
of them by olfaction, vision producing only 2. 
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When comparing the results of these two rats, it can be seen 
that when the reflex extensor thrusts of the rats are functionally 
developed, ^dsion can produce adequate responses to the two 
objects, the ball or the cube, whereas when these thrusts are 
undeveloped, olfaction produces these responses to the objects. 
In the second rat as long as the reflex tone of the rat's limbs 
remained strong, the thrusts did not fluctuate, then touch with 
the forefeet produced responses, but as soon as active fluctuation 
appeared, touch was practically excluded and olfaction was 
employed. Apparently according to the development of the 
extensor thrusts, different external senses are used; in fact, the 
use of a particular external sense is determined by the develop- 
ment of these thrusts. Accordingly it is impossible to conceive 
that the external senses are particularly involved in '^discrimi- 
nation'' of the ball and the cube, or act in any sense in a differ- 
ential and in an exclusive way in learning. 

Nor is one sense organ employed in a more satisfactory way 
than another in producing responses to the objects when these 
thrusts are imdeveloped. If the table 41 is once more consulted, 
it will be noted that when vision can not produce a definite ade- 
quate response to the ball, to the cube, or to both, then vision is 
often supplemented by olfaction. Again if the responses pro- 
duced by the last sense are carefully observed, it will be noted 
that posturing is quite absent and the responses made to the 
objects are not produced as rapidly as those produced by vision or 
even touch. The difference in the responses results not from a 
difference in the effectiveness of the different senses employed, 
but in the degree of the development of the reflex extensor 
thrusts and their interaction with other body parts. A more 
specialized sense, vision, can produce adequate responses when 
the fimctional development of the organism is the best. The 
limitation of the functioning of any sense is dependent upon the 
development of an organism. 

In the first rat adequate responses could be made to one object 
alone, to the ball or to the cube, more often to the ball. At 
times both objects were responded to either the ball fiirst and 
then the cube or vice versa. In the second rat, many more re- 
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sponses by olfaction were made to one of the objects than to 
both and more often to the ball. Both objects were responded 
to when vision failed, and olfaction was supplemented to produce 
a response. When one object is inadequately responded to by 
touch or by vision, a response to one must be supplemented by a 
response to the other before a definite adequate response can be 
made. This seems to be the case when either the ball or the cube 
is the last object responded to before progression is continued 
to a food compartment. A definite response to the cube, when 
it is the last object responded to, does not imply, it seems, a 
facilitation of differential responses to the two objects, but since 

TABLE 42 



VUM- 


KKFLBX TBBUSTB 




BBB 


Pore 


45 degrees 


Hind 




1 

2 

3 
4 
5 
6 
7 
8 


Both wk. 

Both wk. 

Right wk. 
Right wk. 
Left wk. 
None 
None 
Leftwk. 


None 

None 

None 
None 
None 
None 
None 
None 


Strong 

Strong 

Strong 
Strong 
Strong 
Strong 
Strong 
Strong 


13 adequate responses at 700 trials and 5 

at 1000 
6 adequate responses at 300 trials and 

at 660 
Only inadequate responses at 860 trials 
No responses at 120 trials 
No responses at 120 trials 
No responses at 126 trials 
No responses at 120 trials 
No responses at 100 trials 



either object alone can produce an adequate response an inade- 
quate one to the ball can result in the cube producing an ade- 
quate one, A qualitative sensory difference produced by the 
objects, resulting in different responses to the two objects is too 
much to assume. Rather any difference in responses made comes 
from the degree of development of the reflex extensor thrusts. 
The results obtained from the 8 additional rats presented in 
table 42 substantiates this last statement. The reflex thrusts in 
these rats were poorly developed, and the degree of development 
determined the production of adequate responses to the ball, to 
the cube, or both objects. Occasionally such adequate responses 
were made to these objects. The rapidity and the directiveness 
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of progression to the food was lacking after these occasional 
responses. The first rat's record summed up on this table, shows 
that 13 fairly adequate responses were made up to 700 trials and 
from 700 to 1000 trials only 6 additional responses were produced. 
This record is the best on this table. The second rat's record 
reveals only 6 adequate responses up to 300 trials and none there- 
after to 660 trials. No adequate responses are recorded for the 
third rat, but occasional inadequate responses to the objects 
appeared. Of the other 5 rats, not even inadequate responses 
appeared and experimentation with them was discontinued after 
100 or 126 trials were given. With these last 5 rats no excita- 
tions in any external sense could produce even an inadequate 
response to the two objects. 

Before the external senses can produce responses, the tone of 
integrated reflexes to produce posture must be increased. Postur- 
ing is invariably more readily attained in rats manifesting reflex 
excitability, but it is impossible of attainment to produce re- 
sponses to the two objects when the extensor thrusts are unde- 
veloped. A few of the rats manifested hyi>onormal excitability; 
progression was generally slow and imdirected. When excita- 
bility was hypemormal and the reflex thrusts imdeveloped, 
progression was most often rapid to either food compartment 
and no responses to the ball or the cube were made. Posturing 
for progression and for the production of a response must take 
place before excitations in any sense organ can change the direc- 
tion of progression or produce a definite response to an object. 
With posture attained, a response is produced by the tone of 
the integrated reflexes involved in its production being increased 
by a sensory excitation. The wfiole organism is thus involved 
in the production of a definite response. How far this statement 
may be supported by the facilitation of responses to two lighted 
screens of different light intensities is now to be seen. 

The problem box (fig. 13) was used to produce responses to 
lighted screens of different light intensities. This box was a 
modification of the one used for the ball and the cube problem. 
The food compartments were enlarged. Light screens 7.5 cm. 
in diameter were placed in front of two dull black brass tubes 
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30 cm. long extending into the problem box about 20 cm. above 
and 18 cm. in back of the two holes which led to the food compart- 
ments. The screens consisted of round pieces of "comig" day- 




Fia. 13 

light glass inserted in one end of the tube and held in place by 
two brass rings. Over the other end of the tubes was fitted a 
close detachable shield to which were attached electric sockets. 
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Into one of the sockets was placed a 4 cp. lamp and into the other 
8 cp. lamp. The 4 cp. lamp was connected m circuit with a 
rheostat to reduce the intensity of the light coming from this 
lamp. No rays of light escaped from the tubes except through 
the glass discs or screens. The light issuing through the screens 
illuminated very little of the problem box, and thus it was not 
intense. The two brass tubes fitted into two large slots cut into 
one end of the problem box and rested on a soft cushion of leather. 
The position of the tubes could be changed between trials with- 
out the production of any noticeable vibrations or noise. No 
partition separated the two tubes or lighted screens, and perfect 
freedom of movement was permissible in front of and to the 
side of the tubes. 

The physical intensity of the light was not measured, for the 
object of this experiment was to investigate the responses made 
to two screens of different light intensities, and not to correlate 
the physical intensity of the light with any so-called sensory 
discrimination. In view of the results obtained from the ball 
and the cube problem, accurate measurements of light intensities 
would not have any practical value, since responses to objects 
are not the result of differential changes in the sense organs, but 
are dependent upon the functional development of the extensor 
thrusts of an organism. It was recognized, however, that a 
'certain difference in the intensity of the two lights produces 
many more adequate responses to one of them than when too 
little difference exists. Preliminary work with 6 rats indicated' 
that responses to the light of greater intensity with which the 
food was connected, would most likely take place when the dif- 
ference between the two lights was such that these responses 
appeared on the first day's series of 20 trials. When this differ- 
ence in the light intensities of the screens was supposed to be 
adequate, intentional slight changes were made in the intensi- 
ties of the two screens but this produced no noticeable effect on 
the production of adequate responses; only when marked changes 
in the differences in screens were made, was an effect produced 
on the rat's responses to them or to one of them. Slight changes 
in the intensity differences of the lighted screens had no percep- 
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tible effect, whereas a slight fluctuation in the reflex thrusts often 
produced a profound effect on the rat's responses. 

When the best intensity difference of the two hghts was ob- 
tained, experimentation began with 5 rats. Th^e rats were 40 
days old when fed for several days in the problem box. These 
6 rats were selected from 200 or more for the best functional 
development of the reflex extensor thrusts. Only one rat was 
discovered with the reflex thrusts fairly well developed. The 
other rats possessed an asymmetrical development of them. 
The reflex tone of existing extensor thrusts remained with the 
exception of one rat fairly constant, that is, fluctuations in the 
thrusts were not marked. 

During experimentation food was connected with the screen 
of greater light intensity. For the first 6 days, 10 trials daily 
were given, and thereafter from 15 to 20, the number of trials 
depending upon the appearance of adequate responses at the end 
of a day's series of trials. If adequate responses were made to 
one hghted screen at the end of 15 trials 5 additional trials were 
given for that day. The same procedure was adopted with the 
ball and the cube problem in order to facilitate the development 
of interaction of body-parts for the production of responses. 
Fewer trials a day were given in this problem than in the one of 
the ball and cube. This was done because one of my students 
has shown with the maze problem that an increase in the number 
of trials at one period increases fluctuations in the reflex extensor 
thrusts and consequently many more imperfect responses were 
produced. All rats were given a total of 700 trials. This number 
was thought sufficient to determine the conditions necessary 
for the production of responses to either of the lighted screens. 

The reflex thrusts in all rats remained constant for the first 
50 or 60 trials, when shght fluctuation appeared. In one rat the 
reflex tone of all reflex extensor thrusts became weaker but fairly 
symmetrical conditions prevailed in the limbs on both sides of 
the rat. During the first 60 trials, responses to either of the 
lighted screens or to both appeared. From 50 to 700 trials 
many more of such responses occurred in the rat with the reflex 
extensor thrusts fairly well developed. In one rat the reflex 
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extensor thrusts had completely disappeared, and an apparent 
symmetry of both sides of the rat's body was thereby established. 
Their disappearance resulted, for a time in an increase in the 
number of adequate responses. The number of adequate re- 
sponses produced in the other 3 rats were very few. Tables 
giving the number of these responses will not be given, for this 
part of the experiment was to determine the nature of the 
responses to objects and what conditioned them. 

When two lighted screens of different light intensities are pre- 
sented to be responded to, vision alone produces the responses to 
either lighted screen or to both which continues progression to 
the food compartments. These responses are no different from 
those which vision alone produced to the ball or to the cube or 
to both objects. Either lighted screen or both screens were 
responded to in the same manner as to the ball and the cube. 
Again, more adequate responses were produced to the lighted 
screen of greater intensity connected with the food. The ade- 
quacy of the responses to the screens i^ain could be said to result 
in a continuation of progression to the food and not because of 
any sensory differentiation of the two objects. It was observed 
that both inadequate progression to the lighted screens as well 
as inadequate responses to one or to both of them produced im- 
perfect records. Effective posture for progression, and once more 
effective posture for the responses to the objects were essential 
for the production of perfect records. At times it appeared an 
ineffective functioning of other parts of the rat's body as well as 
the reflex extensor thrusts conditioned the absence of production 
of responses to the lighted screens, but these parts could not 
be determined. UsuiJly when posturing was inadequate, rapid 
progression to either food compartments without any response 
to the screens appeared. At times when the door of the home 
box was raised, it was noted that inadequate posture for a start 
for progression existed. 

Posturing for progression to the lighted screens is observable 
in the slight crouching of the rat's body and the raising of the 
head. Usually, as the objects are neared, progression slows 
down, and the body becomes slightly more crouched. The head 
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then moves from one object to the other or remains m direct 
line with one object. Responses are made in the first instance 
to the last object to which the head is bent or to the screen toward 
which the head was steadily fixed, and a response is made which 
produces the continuation of progression to a food compartment. 
Adequate responses are made when either one or the last of the 
two lighted screens is responded to and progression is to the food. 
Again in experimentation with the lighted screens of different 
intensities, there does not appear to be exclusive sense function- 
ing in responses to them. A difference in response does not 
result exclusively from differential excitations quantitative or 
qualitative in the rat's eye, but is dependent upon the fimctional 
development of int^rated reflex mechanisms interacting with 
other reflex parts for the production of posture for progression 
and for adequate responses to one of two objects. Excitations 
from manifold senses, vision, olfaction, and internal senses pro- 
duce posture for responses to objects; but all these excitations 
are effective in accordance with the fimctional development of 
integrated reflexes. This view is supported from the observations 
and the results obtained from the rotation of the latch-box, from 
the ball and the cube and from the lighted screens of different 
light intensities. The ''discriminative'' responses are not con- 
ditioned by sensory association, or by the creation of sensory 
motor tracts, or by reintegrations in the nervous system, but upon 
the functioning of the entire organism, some parts of it are more 
effectively used than other parts. Whatever is implied by the 
words "sensory motor habit" or "sensory discrimination," appar- 
ently qualitatively different responses do not appear, but a more 
effective response to one object, and, if this is impossible, to another 
object or to more than one object. Direct progression, when it 
can occur to the right or to the left at a turn to the goal of the 
maze, may take place in one direction or in another determined 
by the functional condition of the entire organism. Peripheral 
stimuli from the turns or from the objects produce excitations 
in sense organs which acting upon the centers for progression pro- 
duce extension and flexion of the limbs and acting upon other 
parts of the nervous system produce changes in the organism. 
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These sensory excitations are at all times subordinate to the 
existing functional condition of the integrated reflex mechanisms. 
Sensory excitations produced by stimuli from one, or from one 
of two objects result in an exaggerated performance of the fun- 
damental activity of extension and flexion of the limbs in rhyth- 
mic progression, in the fundamental movements of the head, 
and in the production of posture. These movements are inher- 
ently coordinated, for they are characteristic responses made to 
strange objects by some rats when such objects are thrown in 
the rat's living cage. In a problem box exaggerated performance 
of movements must take place from trial to trial. Visual dis- 
crimination is not in any sense an exclusive jdiysiological process 
in which the eyes and the nervous system are especially concerned. 

Vn. DELATED REACTION 

Another problem which has been supposed to be closely con- 
nected with sense functioning in learning is that of deligred 
reaction. An animal which has learned to respond '^correctly" 
to two stimuli, light and food, is after the removal of the light 
stimtdus and a brief period of forcible delay, free to respond to 
the food alone. It is not the length of the period of delay that 
is significant, but a difference in behavior with the occurrence of 
a si^iificant number of ^'correct'' responses, is a justifiable con- 
clusion that qualitatively different sensory processes occiu* in 
animals which condition ''correct" responses. The maximum 
delay for a dog may be greater than that for some raccoons and 
young children, yet the behavior of the dog is quite different from 
that of the other two organisms. Because of a greater freedom 
of movement with raccoons and children, during the period of 
forcible delay, and on the other hand, the attainment of a more 
or less fixed position or constant direction of movement in rats 
and dogs during a period of delay, there is warranted a different 
explanation for the two groups of animals when a ''correct" 
response is made. With raccoons and children, where a greater 
freedom of movement is observed, the explanation given for the 
occiurence of a "correct" response to the food, is that at the 
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time of release from delay, there ensues not a reestablishment of 
previous sensory functions or excitations of light, but there arises 
a ''content/' a representative factor which is supposed to be 
''kinaesthetic'' and is associated with light. These ''kinaes- 
thetic'' sensations or excitations differentiate responses, guide 
them, and the "correct" response is produced. They function 
as an idea. On the other hand with rats, cats, and dogs where 
greater freedom of movement is not observed to be present, a 
"motor adjustment,'' persisting during the period of delay, pre- 
cedes such a response to the food. In one instance a "kinaes- 
thetic'' factor is assumed to direct progression to the food, and 
in the other, previous "motor adjustment." The most com- 
plete investigation of this kind has been done by Hunter (50). 
The distinction made in this explanation is rather arbitraiy, 
for if "kinaesthetic" senses, proprioceptors, function when they 
fulfill an "ideational function" they are certainly known to be 
active in "orientation" or the attainment of posture. Possibly 
from the greater freedom of movements, and from generally a 
greater delay in raccoons and children, these senses may be con- 
ceived in any analysis to function with greater freedom in these 
organisms than where a constant direction of movement of pos- 
ture in rats, cats, and dogs is supposed to be the rule. This 
wotdd mean that there exists a greater specialization, or different 
degrees of development of the proprioceptors in different animals 
based upon a difference in the behavior of them, and such a 
supposition is supposed to justify the existence of a non-mechan- 
istic factor which initiates or controls direct progression to the 
position of the absent stimtdus and to the food. This explana- 
tion is based upon the idea of the almost exclusive functioning 
of the senses apart from the rest of the organism, and conse- 
quently the complete organization of the organism is disregarded. 
No difference exists in this explanation for the activity of an 
organism, from those theories of learning based on "sensory asso- 
ciation." Instead of a pleasurable protreptic tendency being 
present which directs the animal to the food, there appears to be 
emphasized a greater "sensory intensity" or a "qualitative sen- 
sory excitation" generated in proprioceptors. All this analysis 
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arises because of greater freedom of movement manifest in some 
and not in other animals, when the light associated with food 
is turned off and direct progression to the food is for a time 
prevented. 

From the results obtained from the previous investigations of 
responses to two objects, it was observed that the responses made 
to an object were far more significant than the use of the external 
senses to produce the responses. It is also conceivable that 
likewise in a problem of delayed reaction, a difference in move- 
ments made by animals in the release box is dependent upon the 
functional development of integrated reflexes. The problem 
then becomes one of the performance of adequate responSses not 
only in different animals, but also in the same species of animals 
as the rat. Though rats alone were used in this investigation of 
delayed reaction, the results obtained can be applied to quad- 
ruped animals and possibly to hiunan beings, for rhythmic exten- 
sion and flexion of the limbs exist in all these problems. If the 
development of the mechanism for progression can account for 
manifestations observed at the time of forcible delay in the release 
box, then any suggestion of a representative factor may with 
advantage be disregarded. 

The delayed reaction problem (fig. 14) was larger and slightly 
different from the one used by Hunter and other investigators 
of this problem. Three boxes each containing two compart- 
ments instead of one were placed in the usual manner in three 
different directions from the release box. One compartment 
contained a 50-watt lamp, and was connected by a door with 
the main part of the problem and also by means of another 
door with a small adjacent food compartment. Direct pro- 
gression from the release box to the food was to one lighted com- 
partment and through it to the food box. 

The rats selected for investigation of delayed reaction were 
tested for 3 days for the functional development of the reflex 
extensor thrusts. Several rats were taken with fully developed 
extensor thrusts, and some with a right or a left ipsilateral fore 
thrust stronger than its contralateral. The reflex tone of the 
hind reflex thrust was generally strong. A total of 12 rats were 
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They were 40 days old when fed for 3 days in the 
Some of the rats manifested hyponormal reflex excita- 



selected. 
problem, 
bility. 

The procedure adopted to facilitate delayed reaction was very 
simple and varied little from that used with other problems. 




Fia. 14 

Feeding in the problem box was continued for 3 days so the envi- 
ronment of the problem cotdd be learned. The light was turned 
on in all 3 sets of compartments. The usual behavior of rats 
during preliminary feeding was manifest as in preceding prob- 
lems investigated. After the environment of the problem was 
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learned, the facilitation of direct progression first to one then 
another of the compartments was sta^rted. Light was present 
in only one set of compartments at a time. When progression 
was direct to all sets of compartments, a different method was 
instituted; the light was present only a short time in one compart- 
ment, until a definite response was made to the light, then the 
light was turned off. A period of delay was then started before 
the rat was released, a response appearing with the beginning 
of delay being the most significant thing in this experiment. 
Preliminary facilitation of direct progression to first one set 
then another set of compartments, prepared the way for the 
investigation of delayed reaction. No definite rotation in re- 
spect to the presence of light and the placing of food in a set 
of compartments was established, but different sets were lighted 
and they contained food in no regular order. Sometimes light 
and food were present in one set of compartments for two or 
three trials, particularly when progression was difficult to facili- 
tate to one of the three of them. The object of this procedure 
was to facilitate direct progression with as great an ease to one 
set of compartments as to another. Because of asymmetrical 
development of the reflex extensor thrusts in most rats, direct 
progression could not be facilitated in one direction to a set of 
compartments as in another. A series of 10 trials daily was 
considered the most advantageous number to bring about the 
facilitation of progression in any of the three different directions 
to a set of compartments. 

When a rat was placed in the release box, movements were made 
for escape to the outer and the larger compartment which led to 
one of the three food boxes. At this time, a slight delay occurred 
before the operator could raise the release box and free the rat. 
This delay was rather fortunate, for observations revealed that 
movements of parts of the rat's body were then made to facili- 
tate progression when the rat was released. These movements 
were seen to be as significant as they proved to be in the entrance 
boxes in other problems, particularly in the mazes. In the early 
trials in the delayed reaction problem as in the maze problem, 
the facilitation of posture for progression began with the per- 
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fonnance of a number of movements. At first posturing for 
direct progression was unattainable, but eventually the cimiu- 
lative effect produced by all movements led to the development 
of interaction of body parts for posturing for progression. The 
visual stimulus from the light from a compartment, and other 
stimuli from the release box increased the number of reflex 
movements and activated many reflex parts of the organism. 

Posturing within the release box was often not adequate for 
direct progression and reposturing outside of the release box was 
necessary before progression could continue to a compartment. 
The raising of the release box appeared to disrupt progression, 
making it necessary for posturing to take place a second time for 
progression. Conditions here were somewhat similar to the 
ending of progression in the early trials during the facilitation 
of posture for progression through turns in a maze. A disruption 
of prc^ression at a turn took place in the same manner as disrup- 
tions of it following the raising of the release box. In both 
instances reposturing was more difficult when the reflex extensor 
thrusts were functionally undeveloped and reflex excitability 
was hyponormal. 

After reposturing outside of the release box, progression was 
for some time diverted even into a non-lighted compartment. 
Direct progression to the lighted compartment required many 
trials before it could be facilitated, and in this respect it resembled 
the facilitation of responses in the preceding problem to two or 
to one of two lights of different physical intensities. In the 
early trials direct progression to one lighted compartment was as 
difficult as it was to two lights, or to one of two lights. In the 
preceding problem, it was necessary to facilitate posture to pro- 
duce responses to one of two lights connected with the food; 
and in the delayed reaction problem, responses alone to one li^t 
in connection with food was required. Though in later trials in 
the preceding problem, there existed an increased difficulty to 
respond to two lights rather than to one, the presence of two 
lights required many trials before a response could be made to one 
light alone; in the delayed reaction problem, many responses to 
one light could be made, but because of the light occurring in 
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any one of three positions, diverting of direct progression per- 
sisted for many trials. Posturing in a release box for direct 
prc^ression in three different directions to a light is required. 

Different degrees of posturing for progression in three differ- 
ent directions to the different compartments must be manifest 
when Unequal antagonistic action of extension and flexion of the 
rat's limbs exists. As was seen in the maze problem, progression 
to the right is more difficult for rats than progression to the left 
and this is because of the predominance of the right neural center 
of the cord for extension and flexion of the right limb. Progres- 
sion straight ahead to the compartment facing the front of the 
release box was at times more difficult than progression to the 
right or left hand compartment. 

When 28 of 30 direct progressions were produced to the light, 
posturing for progression was thought to be facilitated. This 
number of direct progressions was more rapidly attained by some 
rats than by others. This difference in the time required to 
facilitate direct progression rested wholly upon the fluctuations 
in the unequal antagonistic action of extension and flexion of the 
rat's limbs. Fluctuations frequently were noted to produce 
divertings of progression, and sometimes these fluctuations pro- 
duced several consecutive direct progressions to the light. Maxi- 
mum divertings, however, appeared when reflex excitability 
became at any time hyponormal. In one or two instances when 
excitability was hyi>onormal, 10 daily trials could not be ob- 
tained. When the norm adopted had been reached, the problem 
of delay was instituted. 

When consecutive direct progressions were facilitated, it was 
noted that in all the rats selected, the reflex thrusts had either 
disappeared or the extensor .tone of the thrusts were veiy much 
weaker than in the beginning of learning. Only in one or two 
rats could a right or a left ipsilateral fore thruist be evoked when 
the position of the rat's head was changed in space. The exten- 
sor tone of the hind thrusts was weak, or these thrusts were absent, 
when the tail was dorsally extended. It appeared just as direct 
progression for several consecutive trials was about to be facili- 
tated, the decrease in the extensor tone or the disappearance of 
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the thrusts occurred. When these events had taken place, inter- 
action of body parts for progression to a lighted compartment 
was developed. 

Unfortunately at the time of the investigation of the delayed 
reaction problem, no rats with developed reflex extensor thrusts 
could be had. It is, however, not too much to assume from the 
results obtained with rats with functionally developed reflex 
thrusts when investigating learning in other problems, that the 
poor manifestations described above would not occur so fre- 
quently or persist so long in rats with well developed reflex thrusts 
as they have in the rats experimented with in the delayed reaction 
problem. Movements of progression can be performed by the 
rats selected with less facility than by rats with developed reflex 
thrusts, for the conditions that direct progression in one rat do 
so in all rats, irrespective of the development of the mechanism 
of extension and flexion of the rat's limbs. 

Evidently the development of interaction of body parts is as 
essential a condition for the facilitation of direct progression in 
the delayed reaction problem as it was in other problems. The 
conditions which determined the development of interaction of 
body parts for progression before delay was adopted can not be 
diflFerent from those present when intentional periods of delay 
for immediate progression were, started. It is apparent then, 
that the so-called delayed reaction problem is one in which there 
occurs an additional development of interaction of body parts 
for delayed progression to the source of a reirioved stimulus that 
was connected with the place of the food. Since biological 
changes are uniformitarian, learning must be likewise, and the 
changes produced in a rat as a result of instituting delay in pro- 
gression, must be the same as those that originally facilitated 
direct progression with the exception that an enlargement of one 
phase or another occurs in the development of interaction of 
body parts for the facilitation of progression. 

Two diflFerent methods were used to establish a delay for pro- 
gression. These methods were tried not so much with any 
possible expectation that radically diflFerent results would be ob- 
tained, but to help observations of the movements of rats. With 
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4 rats, Hunter's method of turning the light oS at different dis- 
tances during progression to it, was first tried. The light was 
turned off first as the lighted compartment was neared, and then 
at different distances from the compartment. When this turn- 
ing off of the light produced very little diverting of progression, 
the light was turned off at the time of the raising of the release 
box. Apparently this method, as instituted by Himter, was to 
produce a gradual disruption of the "sensory associations" 
already formed, and to establish sensory excitations of another 
kind to produce activity. This method was soon discontinued 
when it was observed that the most important thing to consider 
was not a disruption of "sensory association" and the initiating 
of "something" to release activity when the external source of 
stimulation was removed, but the conditions that determined 
the behavior of the rats. A similar behavior was noted to appear 
when the foregoing method was used or when a new method was 
tried, namely, the turning off of the light simultaneously with 
the releasing of the rat after direct progression to the li^t was 
facilitated. With either method, progression was ended or 
diverted at the moment the light was turned off. There was 
immediately a return to behavior characteristic of the early 
trials of facilitation to a set of light and food compartments. 
Progression was often greatly diverted after it was exided outside 
of the release box and then continued. Sometimes it continued 
into a dark compartment. Similar ending and diverting of pro- 
gression occurred when the latch-box was shifted or rotated from 
one position to another. Raising the release box simultaneously 
with the turning off of the light was continued xmtil progression 
was frequently direct to the compartment containing food. 

During the time of facilitating direct progression to the com- 
partment in which the light was turned off, it was again noted 
that posturing for progression had once more to be facilitated. 
Posture was attained either by maintaining one position with 
the head directed toward the compartment or a series of forward 
movements were made, thereby attaining successive momentary 
postures. Scratching in one position in the release box was 
still another way of adjusting the body for progression. Of all 
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these methods, a series of forward movements appeared to be 
the most e£fective. It was then clearly evident that the most 
significant thing to note was the facilitation of effective postures 
and not the number of "correct responses." 

As was the case when attaining posture in other problems, the 
position of the different members of the rat's body in the attain- 
ment of posture is again of some interest. In the act of postur- 
ing, particularly when a series of forward movements are made, 
the rat's head is raised to the midline of the body, the tail may 
be extended and the extensor muscles of the trunk and abdomen 
are contracted. Again when one position of the body is main- 
tained in a direct line with the previously lighted compartment, 
the same position of the head and body prevails. A different 
position is, however, attained when scratching is done; the head 
and the fore quarters are lowered, the hind legs are. extended, 
raising the hind quarters. Contraction of many extensor muscles 
occur to attain posture for extension and flexion of the limbs for 
scratching which facilitates immediate progression when the 
release box is raised. 

Only with the attainment of adequate posture was progression 
direct to the previously lighted compartment. Posture was often 
adequately attained in the left hand comer or the left hand 
side of the release box and seldom adequately attained in the 
right hand comer or side of the release box. Adequate posture 
in the left hand comer led more often to direct progression to the 
left hand set of compartments than to the compartments directly 
facing the release box or to the right hand set of compartments. 
Ineffective or inadequate posture produced diverted progression, 
sometimes direct to other compartments and more often to the 
compartments to the left. At times posturing was not observed 
to take place, and then progression was in no definite direction. 
This frequently occurred when reflex excitability was hyponor- 
mal. It may be said that diverting of progression to the pre- 
viously lighted compartment varied from slight divertings from 
a direct course to wandering in any direction from the release 
box. When progression was greatly diverted, it was but one 
step to progression to another compartment. Progression was 
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sometimes arhythmic. Sometimes retracing of steps appeared. 
Very often ineffective posture was seen to be due to fluctuations 
in the reflex thrusts as well as in reflex excitability. 

The periods of delay for progression commenced usually with 
1 second. The same behavior of rats existed for this period of 
delay as when the release box was raised simultaneously with 
the turning of the light. Experimentation with 1 second of 
delay was continued with 5 of the 11 rats used imtil a record 
had been obtained from 14 to 34 effective postures in 60 trials. 
With the remaining 6 rats 30 to 60 trials were given when the 
light was turned off with the raising of the release box, and when 
giving different periods of delay for progression. With the first 
group of rats gradual increases in delay from 1 to 3 seconds were 
tried, but it was soon seen there was no advantage gained in 
such an arrangement, and in the second group increases in 
delay varied from 1 to 8 seconds. It appears when an interac- 
tion of body parts for the attainment of posture for direct pro- 
gression was facilitated, then increases of 5 seconds was most 
adequate to produce effective changes in the behavior of rats in 
the delayed progression problem. 

The results obtained from experimentation on delayed pro- 
gression are presented in table 43. In this table is foimd the 
number of trials required to facilitate direct progression to one 
or to another lighted and adjoining food compartments, the 
number of trials given when the light was turned off simultane- 
ously with the raising of the release box, and the different periods 
of delay with the number of direct progressions in 30 to 60 
trials. The first column imder the heading of different periods 
of delay, gives the niunber of direct progressions, and the second 
coliunn the number of trials in which these progressions occurred. 
The number of diverted progressions are not stated. These 
were more numerous in periods of delay from 1 to 5 seconds and 
then practically disappeared. Direct progressions to other com- 
partments are also omitted. 

This table shows that with an increase in the period for delay, 
a different behavior of the rats in the release box appears for 
direct progressions to the previously lighted compartment. 
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With short periods of delay, approxunately from 1 to 10 seconds, 
an effective or an ineffective posture in the release box, and a 
reposturing of the body after the release box is raised produces 
direct progression to the food. But with an increase in the 
periods of delay for progression, the behavior of the rat in the 
release box is different and diverted progressions practically 
disappear. Posture is more effectively attained inside of the 
release box, and in the majority of rats reposturing outside of the 
release box no longer occurs. With greater periods of delay 
the behavior of rats changes. A steady posture inside of the 
box can not however be maintained for any length of time and 
definite movements of another kind are made. More often after 
a series of forward movements have occurred, progression in any 
direction to the right or to the left continues until the release 
box is raised and then with increased speed it is directed to the 
food. Sometimes progression is only to the right or to the left, 
and not in both directions in the release box. Effective posture 
for progression once attained in the release box, is continued when 
this box is raised. It was also observed during progression in 
the release box, if another movement was made, such as raising 
on the haimches, posture for progression was disrupted and 
direct progression to the food did not take place. In other cases 
when a steady posture in one place in the release box or a steady 
posture for progression could not be maintained with increased 
delays, scratching in one particular spot occurred after one or 
more forward movements to the light were produced. Some- 
times scratching followed progression in the release box. Often 
such movements as scratching were effective in maintaining pos- 
ture for progression when the release box was raised. With 
long periods of delay, beyond 25 seconds, scratching to maintain 
posture was often ineffective. Interruptions of scratching then 
appeared and reposturing was difficult, though at times effective. 
At such times diverted progressions to the food reappeared. 
Uninterrupted movements of some kind were facilitated in the 
release box during long periods of delay. 

Both scratching and progression result in the maintenance of 
rhythmic action of the limbs after a definite movement in the 
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direction of the lighted compartment is made. With the con- 
tinuation of rhythmic extension and flexion of the rat's limbs 
either by scratching or progression in the release box, prolonged 
periods of delay could be obtained up to 40 seconds, and in the 
case of one rat, up to 50 seconds. At these periods of delay, 
progression was continuously to the right hand set of compart- 
ments and, at times, inaction was the rule after a short time of 
activity in the release box. This inaction greatly increased the 
time between trials. An immediate response, the attainment of 
posture for progression did not not take place when the release 
box was raised. This absence of posturing for progression ap- 
peared not to be due to fatigue, as there appeared to be a limit 
to the period of delay in which effective responses or extension 
and flexion of the limbs in a confined place was possible. This 
ineffectiveness of rhjrthmic succession of limbs in a confined 
space for any length of time can be attributed to an impossibility 
of many parts of the body to interact to maintain posture for 
progression. At the end of 30 or 40 seconds, the fimctional con- 
dition of the rats closely resembled that of rats when the latch- 
box problem remained imsolved after successive daily trials of 
30 minutes each. In both these instances, prolonged posturing 
to perform definite movements was impossible. In the delayed 
progression problem, posturing, so that the centers for progres- 
sion in the cord could maintain effective rhythmic succession of 
the limbs for any great length of time in the release box is lim- 
ited, or the Hmit of time for the persistence of an interaction of 
body parts for posture is dependent upon the functional condi- 
tion of the antagonistic action of the rat's limbs and the mech- 
anism for the production of reflex excitability. The condition 
of the thrusts determines the degree of posture possible and the 
presence of reflex excitability the rapidity with which posture is 
produced and its persistence. In rats in which an equal antago- 
nistic action of the limbs existed and reflex excitability remained 
hypemormal better posturing would be produced, and imdoubt- 
edly the periods for delayed progression would exceed 50 seconds. 
The behavior of such rats when the limit to delayed progression 



Digitized by 



Google 



198 JOHN LINCK ULRICH 

was reached, probably would not result in inaction, but would 
reveal indications of posturing and of reposturing for pro- 
gression in the release box. With well developed parts in rats 
developed interaction would be maintained for some time. Indi- 
cations that continued interaction would be maintained in a 
functionally developed rat were repeatedly manifest in the rats 
used. 

The problem of delayed progression requires the facilitation 
of posture for short periods of delay and the maintenance of 
progression, or scratching in the release box for longer periods of 
delay. When long periods of delay were given, progression was 
in some rats in different directions in the release box. When these 
conditions prevailed, it is apparently not necessary to make any 
distinction between a rat's movements and those of a raccoon or 
any quadruped animal. The facilitation of the mechanism of 
progression is more significant than the assumption of the estab- 
lishment exclusively of a "sensory association" before delayed 
progression is started, when the latter is instituted, a greater facil- 
itation of the same mechanism is of more scientific value than again 
assuming that the "kinaesthetic senses" function exclusively. 
The facts of physiology do not admit the proprioceptors fimc- 
tioning in any exclusive way and regulating and controlling 
movements. It must be admitted, however, that the conditions 
which determine delayed progression in animals can not be con- 
cerned in delayed progression in children, for in children, the 
greater freedom of eye movements and possibly language will 
initiate progression. 

The most noticeable thing in the problem of delayed progres- 
sion is the freedom of the action of the limbs, particularly the 
fore limbs, as is evidenced in scratching and in timiing movements 
in the narrow confinement of the release box. Progression 
involves neural centers in the cord for extension and flexion of 
the limbs and associated centers. Progression being continued 
for 40 or 50 seconds in the release box, points to continuous acti- 
vation of the centers in the cord in the way the centers for breath- 
ing are activated by the blood. This process is facilitated by the 
configuration of the inside of the release box leading gradually 
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with increased delays to a greater development of interaction of 
body parts for progression. An extrinsic influence, light, pro- 
duces posture for progression, and when the light is cut off, the 
configuration of the inside of the box permits an exaggerated 
continuation of posture for extension and flexion of the limbs in 
scratching or in progression, and when the release box is raised, 
progression is in the direction of the food. 

{To he continued) 
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A SUGGESTION AS TO THE MECHANISM OF MEMORY 

GEORGE W. CRILE 
I. THE MECHANISM OF RESPONSE TO STIMULATION 

If we assume that the organism is an electrochemical mech- 
anism, by means of which potential energy is transformed into 
kinetic energy in the fonn of heat, muscular action, and elec- 
tricity, through the coordination of certain organs, then the 
foUowmg question naturally follows: How do stimuli which 
vary so greatly in their nature and in their intensity reach the 
brain through the vast niunbers of delicate receptors of varying 
kinds, find their way through the intricate paths of the brain 
mechanism, and produce each its specific response? That is, 
how is it that light waves always activate the rods and cones 
of the retina; the coarser waves of sound the organs of Corti; 
the infinitely attenuated particles in the air the receptors in the 
nose? How is it that the activation of these receptor mecha- 
nisms, so delicately attimed to such infinitely small waves of 
motion and of chemical action can cause responses as powerful 
as those produced by the gross injury of tissue? A shell woimd 
may cause no more activation than is caused by an intense 
emotion resulting from a danger that has been seen or heard. 
The variations in the intensity of the response to an adequate 
stunulus, the variations in the speed of thie response, the relation 
of the response to variations in the force or m the area of contact 
of the adequate stunulus will be less difficult to xmderstand if 
we consider them in the light of the action of certain man-made 
machines. A motor car may be started by the laborious process 
of cranking by hand, or by a light pressure on the starter button; 
a motor boat may be guided by a heavy imwieldy rudder, or by 
intangible wireless waves; the movements of Hanamond's arti- 
ficial dog, with its selenium eye, were governed by rays of light. 
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In the biologic mechanism, if it can be demonstrated that electric 
energy is released as a result of the application of the adequate 
stimulus, then these man-made mechanisms make it easy to 
believe that the brain can be activated to the utmost by infini- 
tesimal stimuli. 

We will grant that the man-made mechanisms are infinitely 
crude, as compared with the human mechanism, which has been 
evolved through aeons by infinite trials, resulting now in error, 
now in the survival of the evolving animal mechanism. Loeb (1) 
has shown approximately by what physical and chemical processes 
the rays of light orientate the simpler animals; how the light 
rays, acting like photographic processes, move animals adap- 
tively. The approximate photochemical mechanism that 
produces motion toward colors as a means of protection is now 
known. Piper (2) has demonstrated in fish the presence of 
electricity in the auditory nerve as a consequence of sound 
waves. By a simple experiment, Steinach (3) ha* taken from 
the field of mystery the means by which the fish maintains 
equilibrium. Believing that the hair in the auditory sac was 
the receptor mechanism, he replaced the otolith by a piece of 
iron of similar shape. When a magnet was brought near this 
piece of iron, the iron was lifted into a new relation to the hair 
and in opposition to gravity. This caused the fish to execute 
bizarre movements, showing that the hair in the sac was in 
eflfect a self-starter, which when ''pressed" by the otolith or 
the substituted iron, closed the circuit, the resultant electric 
current producing the muscular response. The fish had been 
adapted to gravity; magnetism suspended the law of gravity 
and upset the fish. The crude otolith of the fish in its exposed 
sac is replaced in the higher animals by the semicircular canals 
filled with fluid. This fluid, like the otolith, obeys the law of 
gravity; and it may be presxuned that, like the otolith, it causes 
electric contact to be made and broken, thus releasing and 
activating the electric mechanism of the animal as do the buttons 
of the self-starters in man-made machines 

Einthoven and Jolly (4) demonstrated that electric currents 
appear when a ray of light falls on the retina, and it is common 
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experience that the application of electricity to the eye causes 
flashes of light. If the light rays falling on the retina cause 
electricity, and if electricity activates the mechanism by which 
the sensation of light is produced, then we may infer that light 
waves falling on this or that group of rods and cones may do for 
the mechanism of the brain, which responds to light by adaptive 
actions, what the sojund-wave stimulation of the hair in the 
otolith does to the brain and the muscles of the fish; what the 
fluid in the semicircular canals does for the adaptive mechanisms 
of specific response in higher animals; what the hair in the Venus' 
Fly-Trap causes the plant to do to the fly; what the photo- 
receptive mechanism of the fish does to its adaptive behavior; 
what the selenium eye does to Hammond's artificial dog, or the 
wireless wave to the distant motor-boat. We infer that the 
ray of light broken by a shadow caused by the advancing enemy 
activates the motor mechanism of a soldier to fight or to escape 
through the agency of a mechanism no less adaptive than are 
the above mentioned mechanisms. 

The hair of the Sensitive Plant, the hair in the otolith, the 
fluid in the semi-circular canals, the rods and cones in the eye, 
the photo-receptive mechanism in fish, are self-starters — they 
are selenium eyes of infinite fineness, and we may suppose that 
they are no less demonstrable and operate no less by physical 
laws than does the man-made device. 

The conception that the brain mechanism is operated by 
electricity opens the way to illuminating interpretations of 
adaptive reactions. As Mathews (5) suggests, all cells are electric 
batteries. Hence, the large cells in the fimdus of the eye, 
connected with the rods and cones, may be regarded as batteries, 
attuned to be discharged by the electric energy created by the 
action of the ray of light on the rods and cones. Nemst (6) 
first proposed, and many physical chemists have accepted the 
theory, that stimulation is not due to a continuous flow of 
electricity, but that interposing membranes must first be polar* 
ized by the accumulations of ions, stimulation taking place when 
a suflBcient accumulation has occurred. If this theory be true, 
then a quantitative element is admitted so that we may sup- 
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pose that the semipermeable membranes, in the case of the feeble 
electric current set up by a light wave, oflfer a correspondingly 
feeble resistance to be overcome before stimulation is achieved. 
Once the first cell in the path of the electric current is stimulated, 
and its electric charge is added, then the charges of the other cells 
lying along the base of the retina will be ''fired" with great 
rapidity, augmenting the current. In this connection, it is at 
least interesting to note that the cells which are connected with 
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Fig. 1. Stbuctubb of thb Human Retina 
Adapted from Howell, Text Book of Physiology, 354 (1913) 

the rods and cones are both large and numeroiLS (fig. 1) ; whereas 
the nerve endings which act as receptors for physical injury, 
such as the sensory nerve endings in the skin, have almost no 
accumulators in the form of nerve cells to reinforce and augment 
their stimulus (fig. 2). The inference is that the infinitesimal 
receptor of the eye, which receives a beam of light of infinites- 
imal power, has made up for the want of initial physical force 
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by adding a group of accelerating batteries. Were there a set 
of accumulators in the skin as powerful as those in the eye, 
endless explosions of energy would result. It is as important 
that the nerve receptors in the skin should have scant acceler- 
ating batteries to minimize the strength of the force in their 
specific stimuli as it is that the eye should have powerful acceler- 
ators to augment the infinitesimal physical force of its specific 
stimulus. It is of interest in this connection to note that Nissl 
found that the cells at the base of the retina became exhausted 
when the eye was long exposed to sunlight. Precisely similar 




TMB AUTONOMIO PKO^ 

Fia. 2. Schema Illustrating the Autonomic Paths op Action 
Adapted from Howell, Text Book of Physiology, 140, 247 (1913) 

changes, as we have shown, are found in the brain-cells generally 
as the result of a crushing traumatic injury. The blindness 
produced by sunlight is comparable to the loss of the power to 
produce body-heat, muscular work or mental action, which 
results from body-wide trauma. Body-wide prostration is 
traumatic shock; sun bjUndness is sunlight shock. ' 

A similar line of argument suggests the interpretation of the 
action of the auditory mechanism. As the passage of electricity 
through the eye causes the sensation of light, so the passage of 
electricity through the ear causes the sensation of soimd. The 
organ of Corti bears a suggestive similarity to Helmholtz's 
resonators for the analysis of sound waves; and the added cell 
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mechanism suggests an electric mechanism specifically adapted 
to respond to sound waves. Numerous nerve paths lead oflf 
from the auditory mechanism. The purpose of these, as of the 
cells which lie along the base of the retma may be interpreted 
by Nemst's law of augmentation or retardation of stimulation 
(fig. 3). 




FlO. 3. CONNBCnONB OF THJB AXTDITOBT NbBVB 

Adapted from Piersol, Human Amitomy, 1258 (1907) 

In like maimer^ the sensations of touch and pain, of pressure 
and distention, and the action of the various chemical and 
thermal receptor mechanisms may be interpreted. In short, 
no matter how slight the stimulus, or how delicate the mecha- 
nism, as long as it will inaugurate a current of electricity, however 
feeble, then the addition of accumulators can augment to any 
degree the force of its ultimate electric discharge. The brain 
cells supply the electro-motive force which operates the mecha- 
nism. The stepping up process may be similar to that of the 
Avdeon. Thus the various types of receptors receive and trans- 
mit to the brain an infinite variety of electric currents from the 
various receptive mechanisms. These currents enter the brain 
on equal terms of competition for the possession of what Sher- 
rington (7) calls the "final common path" — the path of action 
(fig. 4). 
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Fia. 4. Schematic Drawing Illustrating the Various Motor Paths 
II. THE MECHANISM OF SPECIFIC RESPONSE — ^ACTION PATTERNS 

The preceding discussion suggests the manner in which the 
electric response to stimulation is achieved, but does not interpret 
the imf ailing specificity of the response; does not explain how 
the myriads of electric discharges from the receptor mechanisms 



Digitized by 



Google 



208 GEORGE W. CRILE 

emerge as orderly action from the central organ of activation — 
the brain — ^with its infinite number of pathways and interlacings 
and apparent entanglements. The possibility of these ordered 
responses seems even more difficult of comprehension when we 
consider the fact that while the agency by which activation is 
secured is electric, yet the pathways in the brain are not in- 
sulated. Further consideration, however, will show that this 
fact in itself may possibly be the means by which both variety 
and orderliness of action are secured. 

We will assimie that the recording matrix does not include the 
brain-cells but only the non-cellular parts of the brain — the 
white matter. Are there any properties of this white matter 
that would suggest the nature of action patterns? 

The white matter is a semi-fluid mass, 85 per cent being water. 

The grey matter has a rich blood supply; the white matter 
has a relatively small blood supply. 

In the grey matter, cells predominate; in the white matter^ 
fibres and matrix-like substance predominate. 

By subjecting both the grey and the white matter to stain for 
oxidase, Marinesco^ showed that the grey matter is filled with 
oxidase, of which the white matter has none. The significance 
of this finding Ues in the fact that the presence of oxidase implies 
metabolism and oxidation; it impUes the fabrication of electric 
energy, not its specific conduction. 

The grey matter is the working tissue. May not the white 
be the recording tissue? 

The two sides of the spinal cord and of the brain have a crossed 
arrangement of the conducting paths. Paths from the left side 
cross over to the right; from the right side to the left; thus appar- 
ently compUcating the mechanism. 

This decussation could not have been evolved in the interests 
of economy, for it makes the paths longer, hence more material 
is required. It could not be to facilitate the rate of action, for 
the longer distance to be traversed requires more time. Its 
purpose could not be to secure a more certain blood supply, 

^ In the laboratory of Base Hospital No. 4 (The Lakeside Unit) in France. 
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for no arteries cross. It could not be to secure coordination of 
the right and left sides; for in that case the responses to unequal 
stimuli would be the same. That it is an arrangement of the 
highest importance, we must assume, because it is universal in 
the higher animals. The brain and the cord are the only decus- 
sating organs; bones do not decussate; the heart does not decus- 
sate; blood-vessels do not decussate; the sympathetic nervous 
system does not decussate. Why does the cerebrospinal nervous 
system alone decussate? Let us examine further the kind of 
tissue that decussates. The white matter consists of highly 
specialized fats, among which is linolinic acid. Linolinic acid 
in itself may be supposed to have some interesting qualities in 
view of a certain property of linseed oil. It has been shown that 
linseed oil has the power to remember sunlight, and Mathews 
(8) states that linolinic acid probably has a higher development 
of the power of memory than linseied oil, which has even a 
capacity of a limited education in responding to light. Because 
of this property, Mathews offers an attractive speculation as to 
the possibility that memory may be the result of impressions 
made on the linolinic acid in the white matteir. On the electro- 
chemical basis, however, we may consider that the commissures, 
consisting of this white matrix, have been evolved through 
infinite trial and error as a mechanism for recording the variations 
in the magnetic field which accompany every passing specific 
electric current. 

The properties of the receptor mechanism in a wireless circuit 
are almost as wonderful as those in such a' theoretic biologic 
mechanism. It is conceivable that thus the white matter devel- 
ops a memory of this or that tsrpe of variation in the facilitation 
of the magnetic field resulting from variations in the incoming 
electric currents from the receptive mechanisms. Through 
association, therefore, the white matrix wiU respond in the same 
manner to a like facilitation from a receptor mechanism, even 
if days or months have elapsed since the facilitation was initiated. 

As for the decussation of the white matrix, may its advantage 
lie in the possibiUty that by sending the action current from one 
side to the other the magnetic field is doubled; and in conse- 
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quence a double impression is made on this matrix of infinitely 
impressionable material whose composition never changes during 
life, and ^ose constituents are almost unalterable and have no 
material metabolism? 

We may thus conceive that the white matter functions as a 
phonograph matrix upon which each incoming stimulus has 
made its electrical record. When the brain-cdls are agaip roused 
to action by a repetition of any one of the stimuli which has 
traced its original record, the outgoing electric impulses released 
by the stimulus traverse the facilitated path and reproduce the 
original action. A phonograph record will give back the same 
words or tune in after years. Why may not varieties of mag- 
netic phenomena be written on the white matter, the recording 
tissue, and there await recall? But whether these facilitated 
paths consist of specifically altered pathways, or are the result 
of varying rates of vibration acting upon some mechanism 
similar to those which receive the varying rates of vibration 
which produce light and sound, we have no conjecture to offer. 

Such a facilitation as we have suggested would be produced, 
whichever side of the brain received the initial or the repeated 
stimulus; for if the brain did not decussate, then if one first saw 
a rose with the right eye alone, the left eye being closed, it 
would follow that if the right eye were closed the rose would be 
a stranger to the left. 

We may imagine that decussation pools the path of facilitating 
action, pools the incoming impulses and the outgoing currents 
of action, and produces like memories of the impressions received 
from either side — from either ear, either eye, either hand, etc. 
If there were but one eye, one ear, one hand, etc., there would 
be no need of decussation, no need that the right side should 
know what is done by the left. 

As a consequence of these facilitated paths, whatever their 
physical mechanism, coordination of action results instead of 
chaos. Hence the stronger the impression made by a stimulus, 
the better will it compete for possession of the final common 
path — tte path of action. The more frequently an act is per- 
formed, the deeper its impression on the white receiving and 
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recording matrix. Hence; when an abnormally strong action 
current passes through the brain, it may facilitate a path so 
abnormally that it dominates all other impulses. Thus a 
financial or moral disaster, a great danger, a terrible scene may 
make such an impression— a path of such a degree of facilitation — 
upon the recording matrix that, from the moment it has been 
received, no other can compete with it, and the brain, in conse- 
quence, becomes approximately a one-path mechanism. Or a 
like over-whelming facilitation may be produced by the con- 
stant repetition of a single act — ^hence a dominating habit. 

Thus, we venture to suggest that the white matter is the 
matrix on which the action patterns are written; that the cells 
of the brain supply the electro-motive force both for the magnetic 
field, variations in which may conceivably produce the facilitated 
paths of action, and for the resultant activation of the organism. 
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THE PSYCHOLOGICAL SIGNIFICANCE OF BODILY 

RHYTHMS 

WALTER M. COLEMAN 
London 

To test the eJBfect of rh3rthin and the absence of rh3rthm on 
the mental states a beginning was made by studjring the move- 
ments of animals mider conditions of excitement, emotion, 
and of freedom from emotion. In order to check these results 
by subjective tests rhythmic and arh3rthmic human movements 
with their accompanying states of feeling were also studied. 
Rhythm is used here in the sense of periodicity, or regular repe- 
tition. In most cases the timing has been done by the simple 
expedient of starting a stop-watch many times at short intervals; 
for evidently the attachment and use of complicated recording 
apparatus would reduce the human subject or the animal to 
another state of mind and introduce new variables and sources 
of error that might defeat the object of the tests. 

Periodicity cannot be acciu-ately tested in these experiments 
by taking the time for half-minute periods. The custom has 
been inherited from physicians of taking the human pulse by 
timing it with the second hand of an orduiary watch for thirty 
seconds; but the beats may become faster or slower several 
times within the half minute and the liability to error is nearly 
one second, or about 3 per cent. But if a stop-watch is used 
the error does not usually exceed one-fifth of a second; hence the 
rate of the pulse (or footsteps, etc.) for six seconds can be taken 
with no greater liability to error than where it is taken for thirty 
seconds with an ordinary watch, and the observations can be 
repeated several times in thirty seconds so as to test for regularity 
as well as for average rate. Each method has been used below 
accorduig to the experiment; where acciu'ate proof of rhjrthm 
or lack of it was required the rate was taken for a few seconds 
only and the observation repeated a number of times in a minute. 

213 
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.When the pulse, steps, etc., are in accord the accompanying 
nervous hnpulses are of course likewise synchronous and any 
irradiations of nerve force from the several centers of activity- 
will reinforce each other. When there are two or more periodic 
activities in discord their irradiations will interfere and, instead 
of a saving of energy, there will be a waste. I have made tests 
which indicate that rhythm is an essential factor in endurance 
and in the postponement of fatigue, a factor which seems to have 
been overlooked by students of that problem; but the question 
is beyond the strict scope of this paper. 

Though the phenomena seem never to have been looked at 
from this aspect it was not surprising to find that the bodily 
rhythms were accordant in the mental states of calm, ease, 
steadiness, and sleep, and that they were discordant and imperfect 
during uneasiness, excitement, hurry, or emotion. The mental 
and physical states are probably inseparable and reciprocally 
causative. 

Rhythmicity of the following activities were compared either 
simultaneously or successively :(1) the heart-beat and the foot- 
steps; (2) the heart-beat and the breathing; (3) breathing and the 
steps or other bodily movements; (4) the heart-beat and attention 
to sensory stimuli. 

Because of the integrative action of the nervous system, accord 
between a rate of stimulation and the several responses of the 
body is more general than discord. This makes for economical 
working, and indeed harmony seems to be an essential feature 
of sound living organisms. 

Observations were first made upon animals in the zoological 
gardens in Regent's Park, London. 

The tests had to be made in any order in which the activities of 
the animals presented opportimities; the first tests given here 
will concern the relation between pulse and footsteps. Test:. A 
lynx, pacing to and fro in an outdoor cage was found to be taking 
120 steps per minute; it stopped with its head up and its carotid 
artery throbbing in plain view. The count which was being 
repeated for its steps I was able to continue exactly on the pulse; 
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at the fifth beat of the pulse its foot struck the floor as it resumed 
walking. This occurred three times with pauses of varying 
length but no perceptible variation in rate. Test 2: A badger 
walking at 142 stopped and its heart-beat, plainly visible on its 
side, continued at the same rate. Test 3: The serval's heart- 
beat, plainly visible on its side, was 108; it started walking and 
the rate of its steps was foimd to be 108 (see also test 14). The 
heart-beat of the cheetah, leopards, seals, squirrels, and a few 
others is often visible. The light of an outdoor cage is usually 
needed ; newly arrived animals are preferable for study. Animals 
dispirited by capture and by long confinement and also domesti- 
cated animals must be considered to a certain degree abnormal. 
Healthy animals bom and raised in gardens make good subjects 
for experiment. 

Of many tests of the relation between the rates of heart and 
breathing a few will be given. Test 4: cheetah, lying on its side 
with heart-beat plainly visible, rate 72. Its rate of breathing 
was 12 or one-fif tii. Test 5 : The movements of the whiskers of a 
resting leopard were perfectly regular and indicated its heart- 
rate as 54. The metronome was set at that rate with subdued 
sound, and expansions of lungs ceased at strokes of metronome as 
follows: 5, 5, 5, 6, 5, 5, 5, 6, 5, 5, 5, 6, 3. The animal stirred at 3. 
This and many other tests indicate that usually with animals at 
rest and always during sleep the breath begins at multiples of the 
heart-rate. Test 6: The grey mongoose; its carotid pulse was 
180; its respiration, 90. Test 7: Bladder frog, throat breaths 60, 
with 1, 2, or 3 breaths omitted occasionally but the throat move- 
ments kept exactly on the count. Test 8: The heart beat of 
the sea-elephant, plainly visible on its side, was 80. The metro- 
nome was set with its heart; the giant seal then opened its 
nostrils at the following multiples of its heart beat: 7, 10, 10, 7, 
9, 18, etc. 

It appears also that there is often a relation between respiration 
and movements of the body. Test 9: An elephantine tortoise 
breathed once for each step. Test 10: A wolverine trotted at 
17 steps in 7 minutes and, lying down, panted at the same 
rate. Similar tests were made with a badger; also with dogs in 
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hot weather. Test 11 : Fog on the breath of polar bears showed 
one breath for each step. The breath of draft horses was found 
by means of the fog on each breath on a cold morning to have 
an even ratio to their steps. Test 12: The tahr walked at 110; 
fog on its breath showed at every second step. Test 13: The 
ceradotus, or lung fish, breathed once to three movements of 
fins. 

The respiration and even the heart-beat of many fish can be 
studied without interfering with the animal since the heart is on 
the floor of the throat. The pike is a good fish for the purpose: 
the soft skin at the base of the pectoral fins moves with the beat. 
When the fish is asleep the motion of this area and of the tongue 
reveal the heart-beat; for fish sleep with the gill-covers motionless 
and the mouth slightly open. Only methods of studying the 
pulse and breathing of animals without touching or disturbing 
them have been used; for man's power is felt so keenly by the 
lower animals that to handle them would bring in a confusing 
factor. Of course, when studying the reactions of so sensitive 
an organ as the heart, to mutilate or narcotize the animal might 
introduce error and perhaps render the results useless. 

When an animal becomes inactive the motor nerve ciurents 
subside with the exception of cardiac and respiratory ciurents. 
The rhythm of respiration, when uncontrolled by those of the 
heart or limbs, seems to vary. When a resting animal resumes 
activity without suddenness or violence, and especially if there 
is no sudden change in its breathing, the heart appears to act as 
pacemaker and the cardiac nerve currents already established, 
set the rate for the new activity if it is of a nature to permit 
periodicity. Test 14: A man's pulse was 60. He was asked to 
walk at ease aroimd a long table; his steps were counted and 
found also to be 60 per minute. This may be compared with 
test 3 above. The subject must not be told of the point that is 
being tested; as comparative tests show that, perhaps because 
of selfconsciousness, the subject is more likely to become either 
arhythmic or to change the rhythm. This experiment has been 
repeated with many subjects; sometimes instead of steps the 
arm has been flexed, etc. In a majority the action followed the 
rhythm of the heart. 
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When an action ceases and the same or another action is, 
after a short time, taken up at the same rate, this seems to be 
evidence that the heart has acted as timekeeper and served to 
preserve the rale. Test 15 : A rhinoceros walked at 72. It rubbed 
its horn against a post at 72. Test 16: An ostrich trotted at 14 
steps in five seconds. It walked at 7 in five minutes. The 
keeper startled it, it ran at 14 steps in five minutes; it ran much 
faster than it trotted but its steps (and heart?) were not hastened, 
its steps merely became much longer. Chimpanzees away from 
the forest and hippopotami out of the water are awkward animals, 
yet (test 17) a chimpanzee, using its arms as crutches, walked 
at 80; it walked on all fours at 160; it then chewed at 80. Test 
18: The pigmy hippopotamus chewed at 60; it walked at 60. 
Test 19: The hooded crane walked at 80; it pecked grain from 
the groimd at 160. 

In one series of 300 tests of lower animals about 50 showed an 
absence of rhythm. Test 20: A caracal, expecting to be fed, 
walked at rates varymg between 110 and 180, sometimes faster, 
sometimes slower. Test 21 : A cheetah heard the keeper sharpen- 
ing its knife; its steps varied within a few minutes between 180 
and 220. Test 22: A leopard at 2 p.m. walked at 6 steps in 3.2, 
3.2, 3.2, 3.3 seconds, but at 2.40, nearly feeding time, it walked 
at 6 in 2, 1.8, 2, 2.2 seconds. Test 23: Pere David's deer after 
shedding a horn breathed very irregularly. It appears that 
emotive innervation from pain, desire, anxiety is accompanied by 
loss of rhythm. Test 24: A Himalayan bear took 10 steps in 6 
seconds; it was teased by a boy; it then took 10 steps in 6.2, 6.6, 
5.8, 6.2, 6.6, 6.6, 6.6 seconds. It had recovered steadiness in 
two minutes but at another rate and perhaps with another 
tone of feeling. Test 25: 9.15 a.m.; of 30 animals 22 walked 
at a steady rate; 8 p.m.; of 30 animals none walked at a steady 
rate. This test can only be made on a sixpenny day with crowds 
that excite and fatigue the animals. 

A number of impublished experiments have agreed in pointing 
to emotion as a state of preparation for action by overbreathing 
or expanding and fixing the thorax for an accurate blow or spring, 
or by tightening the limbs on one side for the first step of flight. 
All these disturb the heart-rate for a time. 
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Darwin, writing of the expression of the emotions in men and 
animals, refers to emotional expression as belonging to rhythmical 
forms of activity. When emotion vents itself in primarily invol- 
imtary or free and relaxed forms of expression, as in laughing 
or sobbing, the action seems to follow either a simple or a com- 
pound rhythm; but, according to the foregoing records, when 
emotion passes, or is about to pass into voluntary action it 
disturbs the habitual bodily rhythms and causes periodicity to 
be lost. 

The writer will probably find few to agree with his conclusions 
from experiments published elsewhere that equilateral right-left 
action is necessary for the preservation of rhythm, and that 
emotion usually produces imequilateral stress or strain prepara- 
tory for action. That unequal tension on the two sides makes 
the heart irregular may be tested as follows. Test 26: Subject, 
S. H., age twenty-four. 

Steonit 

1. Sitting, leaning against ohairback; legs 

crossed pulse, 6 in 4.8 4^ 4.8 4.8 

2. Sitting erect with legs crossed pulse, 6 in 4.8 5.0 4.4 4.6 

3. Sitting erect, poised, balanced, feet and 

hands ssrmmetrical pulse, 6 in 5.2 5.2 5.2 5.2 

4. Sitting as in 3, but reading a book pulse, 6 in 4.8 5.4 5.2 4.0 

Test 27: S., heart with systolic murmur; he usually sat unsym- 
metrical, head to one side. 

8ee(mi$ 

1. Sitting with legs crossed pulse, 6 in 4.8 4.2 4.4 3.8 

2. Sitting poised; heads, hands, 

feet, symmetrical pulse, 6 in 5.0 4.6 4.2 4.4 4.4 4.4 

Similar tests were tried on 22 subjects with like results. 

Observations were also made and experiments tried on the 
effects upon the pulse of attention to periodic stimuli. Test 28: 
The spotted daysure was walking at 156 steps per minute. A 
man came into the Small-Mammal House walking at 120 with 
loudly creaking boots. The daysure slowed and walked at 120. 
Test 29: Sheep grazing in a meadow sometimes assumed the 
rate of the footsteps of a passer-by on a gravelled footway. 
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Test 30: Four animals just before feeding time moved at rates 
110, 170, 120, 136; a metronome was set clicking near their 
cages at 80; in ten minutes they were all walking at 160, and the 
pulse of one during a short pause was seep to continue at the 
rate of the steps. 

Aside from the psychological bearings of the facts disclosed by 
the tests there is reason to think that they may have a therapeiUic 
import. 

1). On suddenly stopping after fast running there ensued a 
period of unpleasant palpitation and flushing. This was absent 
when the pace was gradually decreased. When the runner ran 
gradually into and out of the fast pace the exhaustion from the 
nmning seemed to be decidedly less. 

2). One who always became breathless when halfway up a 
hiU felt his pulse and began the climb breathing and stepping 
in unison with the pulse and climbed the hill without breathless- 
ness, and the rise in blood pressure was only half as great. 

The attempt to account for heart disease as chiefly due to 
valvular defects has been given up; perhaps the restoration of 
rhythmic habits may be of remedial value. 

3). A subject with high blood pressure adopted the practice 
of coimting his steps, "one, two" while inspiring, 'Hhree, four" 
while expiring for a few breaths whenever he began to walk. 
After three months his blood pressure had fallen by 20 mm. Hg. 

Further experiments on the response of the heart to rhythmic 
acts and stimuli will be foimd in a paper by the writer, in the 
Journal of Psychology, liv, part III (in press). 

The 30 experiments in this paper are a part of about 4000 tests 
made for the purpose of studjdng the effects of emotion upon 
animal behavior. It is not to be hoped that such pioneer experi- 
ments will prove unexceptionable from the point of view of 
technique; but it seems important not to neglect the study of 
will and emotion for the study of the learning process lest psy- 
chology, from the viewpoint of behavior, repeat the fatal course 
of the old experimental psychology and confine itself to a single 
aspect of mental action. 
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CONCLUSIONS 

1. Muscular activity, both voluntary and involuntary, has a 
strong tendency to be periodic and the rhythms of the several 
activities (e.g., pulse, respiration, stepping, chewing) are usually 
in accord. 

2. Although free emotional expression may be rhythmic, 
rhjrthms are brought to an end by suppressed emotional excite- 
ment, haste, or marked desire. 

3. Attention to periodic sensory stimuli, in many instances, 
brings the bodily activities to the same rate. 

4. A form of self-consciousness is brought on by discord of 
rhjrthms and tends to prevent return to harmony of rates. 

5. The heart often serves as a time keeper and as a pace- 
maker. 

6. Rhjrthm and arhythm induce entirely different states of 
feeling and are factors in the postponement and onset of fatigue 
and altered cardiac tension. 

7. The less apparatus used the greater will be the probability 
of reliable results and the greater the freedom for new forms of 
experiment. 
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INTEGRATION OF MOVEMENTS IN LEARNING IN 
THE ALBINO RAT 

A STUDY OF THE ADJUSTMENT OF AN ORGANISM TO AN 
ENVIRONMENT 

JOHN MNCK ULRICH 

VIII. THE PERMANENCY OP INTERACTION OP BODY PARTS APTER A 
PERIOD OP REST OR REDINTEGRATION 

No investigation of learning is quite complete without a con- 
sideration of the permanency of developed interaction of body- 
parts after a problem has been learned, and the institution of 
a period of rest. After a period of rest, releaming is often 
required, and the changes that have taken place in an organism 
which necessitate releaming have been most often regarded as 
retrogressive. These changes have been explained by saying 
there has taken place a loss in retention, or less often in animal 
psychology, a loss in memory. Recently Brockbank (51) has 
shown that a better conception of this loss can be had by saying 
that the problem of retention is one of redintegration, which 
implies a complete or partial recurrence, after a period of rest, of 
movements that appeared during learning. A "loss" in redinte- 
gration after a period of rest can imply nothing more than a 
change -n the coordination of integrated movements. It more- 
over signifies, when a change is evident, that learning was not 
complete at the time the rest period began; or can never become 
complete. This incompletion of learning is indicated with the 
recurrence in the redintegration series, or during releaming, of 
the imperfect responses that appeared during learning. Some- 
thing then has been more definitely expressed when using the 
term redintegration than when using either of the terms ''reten- 
tion" or "memory." These terms do not express the functional 
condition of the organism, that is implied by the term redinte- 
gration. 
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If the term "retention" is an inadequate one to express the 
conditions that are observed to take place after a period of rest, 
much more so is the expression a loss in retention, particularly 
so when it is implied by this expression that retrogressive changes 
have occiured, A "loss in retention" has been variously and 
at times only incidentally referred to. This loss is sometimes 
said to be due to a loss of a sensory cue, or to an extraneous 
disturbance. Olfactory stimuli have been regarded as producing 
the greatest disturbances, for often when an animal is reintro- 
duced into the problem, after a period of rest, evidence of timidity 
is noted. Such explanations are quite in common with theories 
of learning based upon "sensory association." But sometimes 
releaming reveals that much more is apparently lost than can 
be accounted for by a loss of a sensory cue conditioning a disrup- 
tion of "sensory association." Then this fact has been explained 
by saying that a "loss in retention" is to be attributed to retro- 
gressive changes which have taken place in the nervous system 
or nerve cells during the period of rest. It is usually said that 
the changes that occur at this time have destroyed a previously 
established organization, or impressions brought about by learn- 
ing, and on a return to practice, the retrogressive changes are 
checked and the progressive kind suitable to learning are restored. 
Releaming is accomplished with greater ease than learning, for 
the retrogressive changes in the nervous system have not been 
completely destroyed. 

These retrogressive changes that are said to occur in the ner- 
vous system are far too imcertain for any serious consideration 
in a "loss in retention." Most theories of learning totally ignore 
the possibility of retrogressive changes occurring in the anatomi- 
cal structures which are supposed to be directly concerned in 
learning. They state that during learning either synaptic mem- 
branes become more permeable to sensory excitations for the 
production of the "successful" movements, that the performance 
of these movements through definite sensory excitations firmly 
sets into action certain neural arcs to the exclusion of others, or 
that reintegration in the nervous system takes place. After a 
period of rest, these synaptic membranes should become less 
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permeable, or the neural arcs less selective in their action or a 
disruption of reintegration occurs, but such retrogressive changes 
are seldom mentioned and a loss is more often attributed to a 
disruption in "sensory association" established during learning, 
or to an extraneous disturbance. Logically these changes 
should be supposed to take place in the synapses, in the neural 
arcs, or in the nervous system and not in a loss in sensory associ- 
ation, for these structures ought to be physiologically more 
directly concerned in establishing "sensory associations" than the 
external senses. Releaming has ever indicated that much more 
must be regained than a reestablishment of "sensory association." 

Again the belief in the existence of an hypothetical factor, 
such as pleasure or sensory intensity in animal learning, producing 
with a repeated performance of the "successful" movements, a 
fixation of these movements, has not in previous work on reten- 
tion been* made an important factor. Pleasure can not be effec- 
tive in the fixation of movements unless it becomes significant 
as a protreptical tendency. This tendency must again be pres- 
ent when after a period of rest a rat is placed once more in the 
problem. If a perceptible loss in "sensory association" exists 
at the time of the retention test, then a corresponding loss in 
this tendency must also be apparent. The loss in retention can 
not be primarily one of sensory association, for both factors, 
pleasure and sensory intensity, are supposed to be practically 
one with sense functioning. Such considerations are too indef- 
inite in their application to well founded facts obtained during 
releaming, and can be conveniently dispensed with in problems 
of redintegration. 

A brief consideration of the interaction of mechanistic parts 
necessary for learning, will point to conditions which determine 
redintegration. In the present investigation of the conditions 
which determine redintegration, these mechanistic parts and the 
fluctuations that take place in them must be carefully consid- 
ered, for any fluctuation in them must necessarily disrupt the 
developed interaction of reflex parts facilitated diuing learning. 
It is also conceivable that metabolic changes diuing a period of 
rest might be considerable factors determining redintegration. 
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Redintegration tests were made with rats with the latch-box, 
the inclined-plane, and the circular maze problems. These three 
problems were selected, for each reveals different uses of the 
mechanism of the reflex thrusts. One important phase in learn- 
ing was seen better in one problem than in another, and the 
same thing was observable in redintegration. In the latch-box 
problem, the appearance of the facilitation of the coordination 
of integrated reflexes for the attainment of posture was signifi- 
cant in the investigation of the persistence of developed inter- 
action of body parts of an animal for learning. The same thing 
was observed in the inclined-plane problem for the persistence 
of one method and the effective performance of the extensor 
thrust to plunge the plane. The persistence of developed inter- 
action to attain posture for the learning of the maze problem was 
revealed in direct progressioji through consecutive alleys and 
turns to the goal. The effective performance of coorodinate 
movements indicates the persistence of interaction of body parts, 
and the ineffective performance of these movements a disrup- 
tion of interaction. Both the effective and ineffective perform- 
ances of movements must be a fundamental consideration in 
the investigation of redintegration. 

With the latch-box problem 15 rats were used. These rats 
possessed imdeveloped reflex thrusts, or an unequal antagonistic 
action of extension and flexion of the limbs. Fluctuation in the 
thrusts occiured from time to time. In one or two rats fluctu- 
ations in reflex excitability were also manifest during learning. 
Experimentation began when the rats were 53 days old. Train- 
ing was continued until 13 out of 15 perfect records were obtained. 
The one trial a day method was used dming learning and the 
redintegration tests. A rest period of 70 days intervened be- 
tween the last trial of learning and the first of the redintegration 
series. Dining the rest period, the rats remained in the living 
cage and were fed once a day. SuflScient food was given to main- 
tain healthy metabolism and growth without the taking on of 
fat. 

The most noticeable behavior on the first redintegration test 
is the slowness of responses in rats manifesting hjrponormal 
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reflex excitability in comparison with the last trial of the learn- 
ing series. This slowness in many cases seems to be due to the 
employment of many more muscles which is evident in a slight 
crouching of the body, particularly in the entrance box to the 
hood. Sometimes timidity accompanies crouching and the slow- 
ness of responses. With the slowness of responses directive inte- 
gration does not take place, but progression is to one side of the 
problem or around it. When reflex excitability is greatly hypo- 
normal, wandering progression without manifestations of crouch- 
ing or timidity is evidenced. Not imtil the door of the problem 
is touched by the snout or vibrissae, or vision produces responses 
to the door or latch, is posture attained and the latch raised. 
Occasionally the first productions or attainments of posture are 
ineffective and two successive attainments of posture with the 
production of two neck reflex movements occur, or after the first 
ineffective attainment of posture, progression occurs around the 
problem. In the last instance, there is an increase in speed of 
progression, and in the performance of movements to solve the 
latch-box problem. With the employment of many integrated 
reflexes at the time of posturing, there is an increase in the mani- 
festation of reflex excitability. In all the instances noted above, 
a number of movements must be performed before reflex excita- 
bility reappears and effective rapid movements are made. All 
this behavior indicates that there is a return to conditions 
observed during learning, in particular during the early trials. 

On the other hand with rats manifesting hypemormal reflex 
excitability, the usual movements made in the entrance box to 
attain postiu*e for direct progression to the door of the problem 
box soon appear. When the door is opened, direct progression 
to the door or even to the position imder the latch occurs. Some- 
times progression is perceptibly slower than the last trial of learn- 
ing. To attain posture under the latch to produce the neck 
reflex movement is again often difficult as was repeatedly the 
case during learning. The occurrence of imperfect responses, 
ineffective attainment of posture for the production of the neck 
reflex, indicate that a disruption of developed interaction of body 
parts facilitated during learning has taken place. Only in one 
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rat was directive integration and the attainment of posture to 
produce the neck reflex movement eflfectively performed on the 
first trial of the redintegration series and no indication of a dis- 
ruption of developed interaction was apparent. After the first 
trial, 50 perfect records were obtained. 

The first trial of the redintegration series shows that a great 
diflference in the eflfective performance of movements exists in 
rats, and these are noticeable in the entrance box. Previously 
it has been shown that not alone must posture be facilitated in 
the entrance box for direct progression to the problem box, but 
it also must be maintained. Posturing was not alone required 
in the entrance box of the maze for direct progression in the 
first alley, but also in the problem of delayed progression. A form 
of progression must also be facilitated in the entrance box for 
the attainment of direct progression when the rat is released. 
Postiu^e in a crouched position is ineffectively attained in the 
entrance box in rats manifesting hyponormal reflex excitability, 
and it is most readily attained when reflex excitability is hyper- 
normal. This observable difference in the attainment of posture 
appears to be due to the greater facility with which the reflex 
parts of rats work together when excitability is hypemormal 
than when hyponormal. This working together of certain parts 
of the rat's body may even take place in those rats which manifest 
excitability prior to being placed in the entrance box or immedi- 
ately thereafter, for strug^ing to be free is frequently manifest. 
This fact is in accord with the statement of Bainbridge (52) that 
before exercise uifder stress of excitability neural propagations 
from higher' centers to the medullary centers bring about a rise 
in blood pressure, deep breathing and greater frequency of the 
pulse; and the blood supply to the heart, to the brain, and to 
the muscles is thereby at once increased. All these changes as 
previously stated increase the extensor tone of the integrated 
reflexes especially required for coordination for learning. Since 
this coordination of integrated reflexes is maintained by interac- 
tion of many body parts, a disruption of interaction would most 
likely occur in rats manifesting hyponormal reflex excitability. 
Reflex excitability is then, one of the determining things which 
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condition perfect as well as imperfect records on the first trial 
of the redintegration series. 

Other changes beside reflex excitability becoming hyponormal 
condition perfect records in the redintegration series; for often 
when reflex excitability is hypemormal, the attainment of pos- 
ture imder the latch to produce the neck reflex movement is for 
a time diflScult. These changes become clearly evident when 
several trials have been given. Again, fluctuations in the un- 
equal antagonistic action of extension and flexion of the rat's 
limbs increase from time to time the diflBculty to attain posture. 
After a rest period, a decided fluctuation in the reflex extensor 
thrusts were noted to produce marked changes in movements on 
the first and succeeding trials of the redintegration series. These 
observations will be considered more in detail when redintegra- 
tion in the inclined-plane and circular maze are presented. 

Redintegration trials with the latch-box were continued until 
a total of 50 trials were given. A continuation of trials was 
imdertaken to observe the possible improvement in the develop- 
ment of interaction since releaming is usually more rapid than 
learning. Long before the end of 50 trials, interaction of body 
parts for the attainment of posture was seen to be greatly im- 
proved. An improvement was evident in the reduction in the 
number of fluctuations in the extensor thrusts and in the dis- 
appearance of imperfect responses. Again fluctuations in the 
extensor thrusts at the end of learning appeared at times to 
produce imperfect responses. These fluctuations were less effec- 
tive in producing these responses during the redintegration series. 
In most rats after a rest period of 70 days, the interaction of body 
parts for learning was improved. 

This improvement in responses with the addition of trials is 
of some physiological interest in connection with learning and 
with redintegration. It is absolutely essential that in learning 
movements of the muscles on the one hand, and activities of 
circidation, of respiration, and of the mechanism for the produc- 
tion of reflex excitability on the other hand should interact as a 
harmonious whole. Perfect coordination of integrated reflexes 
is thereby more likely to be facilitated, even though the extensor 
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thrusts are undeveloped in rats. A disruption in interaction of 
many body parts as is evidenced by reflex excitability becoming 
hyponormal, is less lijcely to occur, and there is less evidence that 
fluctuations in the extensor thrusts produce imperfect responses. 
The fluctuations may tend to disappear. It is evident that only 
by constant training can developed interaction be maintained. 
During any period of rest, fluctuations in reflex mechanisms are 
prone to occur. 

The investigations of redintegration in the latch-box problem 
were preliminary to a more systematic investigation of redinte- 
gration in the inclined-plane and the circular maze problems. A 
more definite procedure was possible when some of the condi- 
tions which determine redintegration were known. The results 
obtained from the inclined-plane and the maze problems during 
learning will aid in an interpretation of the redintegration series 
of trials with these problems. The results obtained from the 
learning series of the problems were very different, and like results 
from the redintegration tests are to be expected. 

With both the inclined-plane and the maze problems, the same 
experimental methods were used as with the latch-box. All rats 
were 42 days old when learning began. One trial a day method 
was used during the learning and the redintegration series. Rats 
were divided into two groups; one group w€is given a rest period 
of 30 days and the other of 75 days after the problems were 
learned. Different periods of rest were given, since it is supposed 
that more evident changes in an organism take place after a 
longer period of rest than after a shorter one followed by the 
continuation of training. 

In the inclined-plane problem, a total of 20 rats were used. 
Learning was continued for 60 trials. This number of trials was 
given because very few consecutive perfect records were obtained, 
and often the greatest number of perfect records were made before 
this number was reached. But the object of giving this number 
of trials was to facilitate one constant method to plunge the plane 
and to determine the persistence of a method after a period of 
rest. The extent of the loss in developed interaction of body 
parts for learning can be observed in the persistence of one method 
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to plunge the plane. Of the rats used 10 were given after 60 
trials, a rest period of 30 days, and 10 rats a rest period of 75 
days. The rats in each group showed different degrees of devel- 
opment of the extensor thrusts, and of the mechanism for the 
production of reflex excitability. 

The first trial of the redintegration reveals more clearly than 
other trials any change that has taken place in the rat's body 
parts, for often a few trials may obliterate all evidence of change. 
A restoration of developed interaction of body parts may appear 
on the second trial or after a few succeeding trials. Some of 
the changes that were manifest are indicated on tables. The 
first trial R. is contrasted in tables 44 and 45 with the last trial 
of learning, L. The first of these tables gives the records of 8 
rats after a rest period of 30 days, and the second table the rec- 
ord of the same number of rats after a rest period of 75 days. 
Both the first and second lines of each rat's record give the reac- 
tion time for solving the problem, the condition of directive inte- 
gration, the condition of reflex extensor thrusts, the direction of 
progression to the plane, the degree of manifestation of reflex 
excitability and the method used to plunge the plane. The 
record of the degree of reflex excitabiUty manifest is that of the 
first trial of learning and the first of the redintegration series. 
The degree manifest on the last trial of learning was invariably 
hypemormal and it was thought advisable to give instead the 
degree of reflex excitability shown on the first trial of learning. 
Though reflex excitabiUty at times in a few rats becomes hypo- 
normal throughout learning, it did not become h3rponormal in 
the 16 rats on the last of the sixtieth trial of learning. A perfect 
record is indicated by an asterisk. 

Because of the irregularity with which perfect records were! 
produced in the inclined-plane problem, it is impossible to judge 
from this table the best condition of redintegration in rats. A 
perfect record may be produced on the last trial of learning and 
may not occur on the first trial of the redintegration and vice 
versa. Only in one rat were perfect records made on these two 
trials. Other factors, however, are of great interest, since the 
conditions prevailing during learning may or may not be the 
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same as on the first redintegration test. It will be noted on 
table 45 that when a rest period of 75 days was given, the reac- 
tion time for the first trial of the redintegration series usually 
averaged higher than for the same trial after a rest period of 
30 days. This increase in reaction time after 75 days rest indi- 
cates a change in the developed interaction of body parts. A 
fluctuation in the reflex extensor thrusts can be seen to have 
produced some change in the responses of rats. When fluctua- 
tions occurred, the direction of progression to the plane was in 
two rats changed. This change in direction of progression is to 
be seen in the record of rat 2, table 44 and rat 6, table 45. When 
investigating learning of the inclined-plane problem, fluctuations 
in the extensor thrusts conditioned a change in the direction of 
progression to the plane and the same thing occurs in redinte- 
gration. A more decided change was evident when reflex excita- 
bility was hjrponormal on the first trial of the redintegration 
series. When reflex excitability was hjrponormal on the first 
trial of learning, it was again hyponormal on the first trial of 
the redintegration test, and in both trials the same behavior in 
rats occurred. Wandering progression appeared before the plane 
was plimged and usually diuing progression to the opened door. 
In rat 4, table 44, direct progression to the opened door took 
place, it did not appear direct to the plane, and it was established 
in the same way as in learning. In rat 4, table 45, reflex excita- 
bility was decidedly hyponormal on the redintegration test and 
no response to any part of the problem appeared until the plane 
was touched by the fore feet. Progression was slow and undi- 
rected imtil the plane was touched when it was directed more often 
to the plane. There is in this behavior a return to conditions 
that prevailed in the early trials of learning. This statement 
indicates, that like the reflex extensor thrusts, the mechanism 
for the production of reflex excitability can not be developed by 
training. 

One condition which determines the persistence of developed 
interaction of body parts for learning is the constancy of reflex 
excitability. When reflex excitability becomes hjrponormal then 
disruptions of responses follow. Fluctuations of this kind have 
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occasionally been noted to produce during learning similar re- 
sults, but they are much more pronoimqed after a period of rest. 
It appears that in rats in which reflex excitability becomes hypo- 
normal, only through constant training can develop interaction 
of body parts for learning be satisfactorily maintained. It is 
scarcely possible that for rats, with a defective mechanism for 
the production of reflex excitability, redintegration trials can be 
perfect. 

Though directive integration is disrupted when reflex excita- 
bility becomes hjrponormal, one method in general to plimge the 
plane persists. The persistence of one method, stepping on the 
plane, the producing of an effective extensor thrust, or of a modi- 
fied extensor thrust, indicates once more that the method used 
is determined by the development of the extensor thrust and that 
improvements in these thrusts when they are imdeveloped does 
not take place. It is possible, if improvement did take place 
in the extensor thrusts, and a more effective method than step- 
ping on the plane was used, then changes in method used to 
plunge the plane might appear. Temporary changes in method 
at times do occiir, not from any improvement in the thrusts, but 
from fluctuations in the imequal antagonistic action of them 
increasing or decreasing their extensor tone. 

The reciirrence of fluctuations in the extensor thrusts condition 
disruptions in interaction of body parts with the production of 
imperfect responses in redintegration as in learning. When 
fluctuations in the extensor thrusts are frequent in the early part 
of learning, they reappear with almost the same frequency in 
the early redintegration series of trials and they may even be 
more pronoimced during the redintegration series. These fluc- 
tuations can be seen on tables 46, 47 and 48 of redintegration. 
The learning series of these redintegration trials are presented 
on tables 12, 13 and 15. A rest period of 75 days intervened 
between the last trial of learning and the first trial of the re- 
dintegration series. Since no improvement in releaming over 
the learning series was evident, only from 14 to 15 trials of 
the redintegration trials were given. 
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Table 46 is the redintegration series of the learning table 12. 
This last table shows that the reflex thrusts were fairly well 
developed, but unequal antagonistic action of the limbs was 
manifest. Accordingly, many consecutive perfect records were 
obtained. On the fifty-ninth trial, a decided fluctuation in the 
reflex thrusts occurred with the appearance of a contralateral left 
ipsilateral thrust synchronously with the right ipsilateral thrust. 
The same change in the reflex thrusts appeared more frequently 
during the redintegration series, and profoimdly affected the 
results obtained for very few perfect records were made. Many 
imperfect responses occurred, particularly before the plane; as 
many as three ineffective extensor thrusts were repeatedly pro- 
duced before the plane was plimged. Movements were slower, 
and progression to the plane was at times greatly diverted. 
A change in the fimctional condition of the reflex thrusts dining 
a rest period evidently produced an entirely different record 
from that of the learning series. 

Table 47 gives the redintegration trials of the learning table 
13. A comparison of these two tables shows that the reflex 
thrusts on both are indicated as imdeveloped. The learning 
table shows that for 41 trials no fore limb reflex thrusts were 
evoked and only occasionally the hind limb thrusts, and the 
same thing was revealed after a rest period of 75 days. The 
redintegration tests revealed practically the same conditions that 
prevailed during learning. The reaction time of the first trial of 
the redintegration series was not greater than the reaction time 
of some of the last trials of the learning series. Progression to 
and from the plane was as direct as in the learning series. The 
learning table shows only three isolated perfect records out of 
60 trials and the redintegration none in 15 trials. The same 
method of plimging the plane, namely, running and stepping on 
it prevailed after a 75 day rest period. It appears if the reflex 
thrusts remain constant and reflex excitability is manifest, redin- 
tegration varies little from learning. 

The most marked changes after a period of rest, occiir when the 
reflex mechanisms greatly fluctuate. These changes can be seen 
on table 48, which gives the redintegration trials of the learning 
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trials of table 15. Both the tables for learning and for redin- 
tegration show that fluctuations in the reflex thrusts and in 
reflex excitability occurred. For three trials of the redintegra- 
tion series, reflex excitability was hyponormal, as it was in the 
early trials of learning. Throughout learning either a right or 
both ipsilateral fore thrusts were evoked when the rat's head 
was bent to the right or to the left of the midline of the body, 
and during the redintegration trials, the left ipsilateral fore thrust 
or no extensor thrusts were evoked. Other reflex thrusts, those 
of the fore limbs when the head was dorsally extended 45 degrees, 
were not evoked during the learning and the redintegration 
series, and those of the hind limbs when the tail was raised were 
generally weak or absent. As a result of these fluctuations in 
the rat's reflex mechanisms, progression to and from the plane 
was not refacilitated until the fourth trial. Progression was slow, 
in many directions, and a response to the plane did not take 
place imtil the rat's body touched the plane. During the 15 
trials of redintegration, not one perfect record was made. * 

From these three different tables, representing conditions typi- 
cal of the redintegration in the inclined-plane problem, it is evi- 
dent that retrogressive changes during a period of rest do not 
take place, but there is again manifest, difficulties observed to 
have been present during learning. Any change that is apparent 
in redintegration seems to be due to a natural fluctuation in the 
reflex extensor thrusts or in the mechanism for the production of 
reflex excitability. Fluctuations in these mechanisms are much 
more evident in some rats than in others. In the record pre- 
sented on table 47 of redintegration, no evidence of fluctuations 
appears and no so-called '^oss in retention" is noted. On the 
other hand, the other two tables show that fluctuations take place 
and redintegration as a consequence is poor. During a period 
of rest, fluctuations are not accelerated, but the usual natural 
fluctuations in the rat's reflex mechanism occm*. As previously 
stated, only by constant training can the efficiency of the organ- 
ism be maintained when the reflex thrusts fluctuate or when the 
mechanism for the production of reflex excitability is imdeveloped. 
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The results obtained from investigation of redintegration in 
the inclined-plane problem show that when fluctuations of the 
reflex thrusts occiir during learning, they appear in the redinte- 
gration. These responses are the same if the fluctuations are 
not very marked during or after a period of rest, but are quite 
different if decided fluctuations occur in the fore ipsilateral 
thrusts. In addition an absence of these imperfect responses 
at the time of redintegration and during learning indicates the 
efiicient manner in which directive- integration is maintained and 
in which the method used is performed. On the performance of 
these two movements in redintegration more information is desir- 
able; but little additional knowledge of these two movements can 
be had from additional experimentation with the inclined-plane 
problem. So infrequently were consecutive perfect records made 
with the inclined-plane problem, that it was essential to investi- 
gate redintegration in the maze problem where often many con- 
secutive perfect records are produced. The maze problem, in 
many respects, appears to be the best for investigation of redin- 
tegration, for every imperfect response can be seen to be condi- 
tioned by a fluctuation in the imequal antagonistic action of 
extension and flexion of the limbs. 

Two different groups of rats were used in the investigation 
of redintegration in the circular maze problem. One group of 
11 rats was given a rest period of 25 dajrs and another 30 days. 
In still another group of rats, learning, was discontinued when 
with the first rat a record of 13 perfect trials out of 15 were ob- 
tained. This last arrangement was made to determine the sta- 
bility of interaction of body parts imder conditions of incomplete 
learning. A few rats of the remaining 21 of the second group 
were given 50 additional trials after the first perfect record was 
made. The rats selected in this last group showed that the 
extensor thrusts fluctuated either repeatedly, or very seldom. 

After the circular maze was learned and a rest period of 30 
to 75 days was given, no marked difference in redintegration was 
observed with the shorter or the longer period of rest. When 50 
additional learning trials were given after the first perfect record, 
fluctuations continued, and no improvement in the redintegra- 
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tion series appeared. Very often a development of interaction 
of body parts for learning the maze cannot be facilitated when 
training is continued for many trials. The degree of develop- 
ment of interaction is as predetermined for learning as for 
releaming in the redintegration series. 

Developed interaction of body parts for learning the maze 
problem, however, is more permanent when the reflex thrusts 
remain constant throughout the latter part of learning, the per- 
iod of rest, and the redintegration series. Such a condition can 

TABLE 49 
RedtntegraHon aeries of learning table; rest period SO days 
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be seen on table 49, which is the redintegration series from the 
learning table 28. A rest period of 30 days was given to the 
rat whose record is presented on table 49. From the seven- 
teenth trial to the end of learning, all the reflex thrusts of 
this rat's limbs with the exception of the hind thrusts could no 
longer be evoked, and this condition of the thrusts prevailed 
throughout the redintegration series. A symmetry of a previous 
imequal antagonistic action of the neural centers of the rat's 
limbs has been facilitated by the disappearance of the extensor 



Digitized by 



Google 



INTEGRATION OF MOVEMENTS IN LEARNING IN THE RAT 241 

thrusts. Reflex excitability was always hypemormal. With the 
facilitation of symmetry of the neural centers of the spinal cord, 
fluctuations come to an end and in learning and in redintegration 
consecutive direct progressions to the goal persist. The redinte- 
gration trials are perfect. The constancy or the stability of 
reflex mechanism leads to the constant performance of move- 
ments. Repeated training is not so necessary. 

















TABLE 50 








Redintegration series of learning table B6; rest period 75 days 
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On another table it will be seen that, when the extensor thrusts 
fluctuate, imperfect responses occur at turns though these re- 
sponses did not occur for many trials at the end of learning. 
Imperfect responses may likewise occur when the fore extensor 
thrusts have disappeared and fluctuations occur in the neural 
centers for the production of these thrusts. In such cases, a 
symmetry of the centers is not facilitated. Table 50 is the 
redintegration table of the learning table 25. With the rat 
whose record is presented on these two tables, 50 additional 
trials were given after the first perfect trial. There is no great 
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change in the reflex thrusts after a rest period of 75 dajrs, and 
fluctuations in these thrusts are fairly constant. Either the right 
or the left ipsilateral fore thrusts, or both are evoked when the 
head is bent to one side of the midline of the body. The right or 
both ipsilateral fore thrusts are evoked when extending the head 
45 degrees. The hind thrusts are weak or absent when the tail 
is dorsally extended. More active fluctuations in these thrusts 
occur in the early part of learning and in the beginning of the 
redintegration series. One thing must be noted, the left ipsi- 
lateral fore thrust predominates in the early part of learning, and 
in later trials the right ipsilateral fore thrust predominates. 
This fluctuation or reversion of predominance of the fore thrusts 
has produced, as previously noted, a change in progression 
through a different group of alternately place turns. At the end 
of learning, the predominance of the right ipsilateral fore thrust 
becomes effective. In the redintegration trials this predominance 
persists. The right ipsilateral thrust was present for a few of 
the early trials when the left was evoked. A reversion in the' 
fore ipsilateral thrusts once more took place. On the first two 
trials both fore thrusts were evoked with the same extensor tone. 
Imperfect responses occurred in the first alley on the first and the 
third trials. Fluctuations in the extensor thrusts with the exist- 
ence once more of hyponormal reflex excitability conditioned 
these imperfect responses. After the third trial, fluctuations in 
the extensor thrusts though frequent, did not condition the pro- 
duction of imperfect responses; retracing of steps in the alleys 
persisted imtil the sixth trial. After this trial perfect records 
were made for 12 trials. Evidently redintegration can once more 
be seen to be determined by the stability of the reflex thrusts 
and the maintenance of reflex excitability. An additional 50 
trials produced no improvement in redintegration. Relearning 
was much more rapid than learning. 

In another instance, when 50 trials were given after the first 
perfect record was made, there was produced less direct effect 
upon the efficiency of the responses of the rat, and this ineffi- 
ciency will be seen to be due to active fluctuations in the neural 
centers of the cord for the production of the thrusts. This is 
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TABLE 51 
Redintegration of learning table SO; rest period 76 days 
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1 


2 

D 


3 


4 

D 


6 




Foro 


46 degrees 


Hind 


1 




None 


None 


None 


2 








— 


— 


— 




None 


None 


None 


3 


P 


P 


— 


— 


P 




None 


None 


None 


4 


P 


P 


P 


P 


P 




None 


None 


None 


6 


P 


P 


P 


P 


P 




None 


None 


Weak 


6 


P 


P 


— , 


P 


P 




None 


Mone 


Weak 


7 


P 


P 


— 


P 


P 




None 


None 


None 


8 


P 


P 


— 


P 


P 




None 


None 


Weak 


9 


D 


P 


— 


P 


P 




None 


None 


None 


10 


P 


P 


_ 


P 


P 




Left 


None 


None 


11 


P 


P 


P 


P 


P 




None 


None 


None 


12 





P 


_ 


P 


P 




None 


None 


None 


13 


P 


D 


— 


P 


P 




None 


None 


None 


14 


P 


P 


P 


P 


P 




None 


None 


None 


16 


P 


P 


P 


P 


P 




None 


None 


None 


16 


P 


P 


D 


P 


P 




None 


None 


None 


17 


P 


P 


D 


P 


P 


Ist 


None 


None 


None 


18 


P 


P 


— 


P 


P 




None 


None 


None 


19 


P 


P 


P 


P 


P 




None 


None 


None 


20 


P 


P 


P 


P 


P 




None 


None 


None 


21 


P 


P 


— 


P 


P 


l8t,3d 


None 


None 


None 


22 


P 


P 


P 


P 


P 




None 


None 


None 


23 


P 


P 


P 


P 


P 




None 


None 


None 


24 


P 


P 


P 


P 


P 




None 


None , 


None 


26 


P 


P 


P 


P 


P 




None 


None 


None 


26 


P 


P 


P 


P 


P 


Ist 


None 


None 


None 


27 


P 


P 


P 


P 


P 




None 


None 


None 


28 


P 


P 


P 


P 


P 




None 


None 


None 


29 


P 


_ 


— 


— 


P 


2d, 3d 


None 


None 


None 


30 


P 


P 


P 


P 


P 




None 


None 


None 


31 


P 


P 


P 


P 


P 




None 


None 


None 


32 


P 


P 


— 


P 


P 




None 


None 


None 


33 


P 


P 


P 


P 


P 




None 


None 


None 


34 


P 


P 


— 


P 


P 




None 


None 


None 


36 


P 


P 


P 


P 


P 




None 


None 


None 


36 


P 


P 


P 


P 


P 




. None 


None 


None 


37 


P 


P 


P 


P 


P 




None 


None 


None 


38 


P 


P 


P 


P 


P 




None 


None 


None 


39 


P 


P 


P 


P 


P 




None 


None 


None 


40 


- 


P 


P 


P 


P 




None 


None 


None 



RKFLEX 

EXCITABILITT 



Hyponormal 

Hyponormal 

Hypononnal 

Hypemormal 

Hypemormal 

Hypemonnal 

Hypemormal 

Hypemormal 

Hypemoraaal 

Hypemormal 

Hypemormal 

Hypemormal 

Hypemormal 

Hypemormal 

Hypemormal 

Hypemormal 

Hypemormal 

Hypemormal 

Hypemormal 

Hypemonnal 

Hypemormal 

Hypemormal 

Hypemormal 

Hypemonnal 

Hypemormal 

Hypemormal 

Hypemormal 

Hsrpemormal 

Hypemormal 

Hypemormal 

Hypemormal 

Hypemormal 

Hypemonnal 

Hypemormal 

Hypemormal 

Hypemormal 

Hypemormal 

Hypemonnal 

Hypemormal 

Hypemormal 
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shown on table 51, which is the redintegration trials of the learn- 
ing table 30. Again a rest period of 75 days was given, and through- 
out learning and the redintegration series of trials, the reflex 
thrusts can be seen on these tables to have been poorly de- 
veloped. Often no extensor thrusts could be evoked. Reflex 
excitability in the early trials of learning and during the redinte- 
gration series was hyponormal. After 85 trials of learning, 16 
perfect trials were obtained out of 18. The usual norm of 12 
consecutive perfect records out of 15 could not be obtained. 
Before the sixty-ninth trial few consecutive perfect records 
were obtained. The redintegration series of trials, after 75 days 
rest period, revealed no marked changes in the reflex thrusts from 
the last of learning, but in the first 3 trials reflex excitability was 
hjrpomormal. Many imperfect responses occurred and these 
continued throughout releaming. After 40 trials, many con- 
seciitive perfe^ records could not be obtiained. Retracing of 
steps in alleys leading to difficult turns occurred, Releaming 
was as difficult as learning. An additional 50 trials had no per- 
ceptable effect upon the development of interaction of body 
parts for progression through consecutive turns of the circular 
maze. Table 52 is the redintegration series of learning table, 
table 26. Fluctuations in the reflex thrusts were as great through- 
out redintegration as throughout the learning series. Reflex 
excitability was, in the first two trials of learning, hyponormal, 
but became hypemormal on the third trial and remained so 
to the end of learning, for 24 trials. Before the first perfect 
record was made, active fluctuations in the reflex thrusts oc- 
curred which produced difficult facilitation of progression through 
turns in the maze. In the redintegration series, active fluctua- 
tions in the reflex thrusts and in reflex excitability produced 
many imperfect responses at tiuns and in alleys. On this table 
both mechanisms, that of antagonistic action of the rat's limbs 
and that for the production of reflex excitability conditioned 
poor redintegration. 

The tables presented of redintegration are typical of those 
of the maze problem. Many additional featxu-es in redintegra- 
tion can be shown, for the imequal antagonistic action of the 
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rats' limbs in extension and flexion varies greatly. Great varia- 
tions in the records result from marked fluctuations. Sometimes 
after the period of rest of 30 or 75 days, perfect redintegration 
was obtainable, but if fluctuations were marked during this 

TABLE 63 

Redintegration of teaming table 26; reel period SO days 



NO. 






rUBMI 


\ 






BBTLBXTHBUSTB 




1 


2 


8 


4 


5 


Fore 


46 degrees 


Hind 


1 


let 


Both 


Right 


Strong 


2 


D 


- 


- 


D 


D 


1st, 3d 


Both 


Right 


Strong 


3 


— 


P 


P 


P 


P 




R. str. 


R. wk. 


Weak 


4 


— 


P 


— 


P 


P 




Both 


R. wk. 


Weak 


5 


— 


P 


— 


P 


P 


l8t,3d 


Both 


R.wk. 


Weak 


6 


"~ 


P 


— 


— 


P 


let 


Both 


R. wk. 


Weak 


7 


P 


P 


P 


P 


P 




Both 


R. wk. 


Weak 


8 


P 


P 


P 


P 


P 


1st 


Both 


R.wk. 


Weak 


9 


P 


P 


P 


P 


P 




Both 


R.wk. 


Weak 


10 


P 


P 


P 


P 


P 




Both 


R. wk. 


Weak 


11 


P 


P 


P 


P 


P 




Right 


R.wk. 


Weak 


12 


— 


P 


P 


P 


P 




R. str. 


Both 


Weak 


13 


P 


P 


P 


P 


P 




R. str. 


None 


Weak 


14 


— 


P 


— 


— 


— 




Both 


R.wk. 


Strong 


16 


P 


P 


P 


P 


P 




Both 


None 


Strong 


16 


P 


P 


P 


P 


P 




Both 


None 


Strong 


17 


D 


P 


D 


P 


P 




Both 


None 


Strong 


18 


P 


P 


P 


P 


P 




Both 


R.wk. 


Strong 


19 


P 


P 


P 


P 


P 




Both 


None 


Weak 





P 


P 


P 


P 


P 




Both 


None 


Weak 


1 


P 


P 


P 


P 


P 




Both 


R.wk. 


Weak 


22 


P 


P 


P 


P 


P 




Both 


R.wk. 


Weak 


23 


P 


P 


P 


P 


P 




Both 


R.wk. 


Weak 


24 


P 


P 


P 


P 


P 




Both 


R.wk. 


Weak 


25 


P 


P 


P 


P 


P 




Both 


None 


Weak 


27 


P 


P 


P 


P 


P 




Both 


None 


Weak 



RCPLKX 

sxciTABiLrrr 



Hyponormal 

Hyponormal 

Hyponormal 

Timid 

Hyponormal 

Hyponormal 

Hypemormal 

Hypernormal 

Hypemormal 

Hypemormal 

Hypemormal 

Hypemormal 

Hypemormal 

Hyponormal 

Hypernormal 

Hypemormal 

Hypemormal 

Hypemormal 

Hypemormal 

Hypemormal 

Hypemormal 

Hypemormal 

Hypemormal 

Hypemormal 

Hypemormal 

Hypemormal 



period, redintegration was not alone imperfect, but also releam- 
ing was difficult or impossible, whereas learning was compara- 
tively easy. The reverse may occur, marked fluctuations in the 
reflex thrusts may condition better redintegration. The antag- 
onistic action of the rat's limbs may become more suitable for 
progression in the maze. Perfect records have been obtained 
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after a 75 days rest period. In general, movements appeared 
slower in rats after 75 days of rest than after 30 days. The 
reflex extensor thrusts remained constant, and only a slight 
difference in excitability was noted in rats when a longer period 
of rest was givenv This difference can not be significant, for 
other rats with as great a rest period as 75 days showed reflex 
excitability equal to rats given a rest period of 30 days. After 
a period of 75 days no perceptable retrogressive x^hauges as is 
implied by a loss in retention have been noted to take place. 

Since no perceptible effect on redintegration was noted in 
rats when 50 additional trials were given after the first perfect 
record was produced, it is of interest to note the effect on redin- 
tegration with incomplete learning. In two groups of rats of 
7 each, learning was continued imtil in the first rat, 13 out of 15 
perfect records were made. A rest period of 30 days was given. 

Brockbank has shown that when learning is completed in one 
rat before it is facilitated in others, the redintegration tests do 
not show that the rapidity of learning is any indication of a 
possible perfect redintegration. Other rats' records in which 
learning was incomplete are usually better than that of the 
first rat in which learning was first completed. The results 
obtained by additional experimentation substantiates this fact. 
The conditions which determine better redintegration in one rat 
than in another after a similar period of training, may be due to 
marked changes in the extensor thrusts when reflex excitability 
remains hypemormal, to fluctuations in reflex excitability, or to 
fluctuation in the mechanism for both manifestations. Table 
53 gives the learning test and the redintegration test of a rat in 
which learning was completed first, and table 54 similar records 
for a rat in which learning was incomplete when learning was 
complete in the first rat. In the first trial of the learning series 
of both of these rats, reflex excitability was hyponormal and was 
repeatedly so throughout learning. On the redintegration tests 
in table 53, reflex excitability was hyponormal and appeared at 
times throughout releaming. The other table 54, shows that 
the reflex excitabiUty was hyponormal on the first trial and 
appeared at times throughout releaming. The first of these 
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s 






rXTBNI 










BBFXiBZ THBUVTB 




s 














ffl 




BEFLBZ 


3 


1 


2 


3 


4 


5 




91 


Fore 


45 degrees 


Hind 


BXOITABILITT 


1 


~~ 




1890 


Right 


None 


Strong 


Hyponormal 


2 


— 


— 


— 


D 


— 




145 


Right 


None 


Strong 


Hypemormal 


3 


— 


— 


D 


D 


— 




25 


Right 


None 


Strong 


Hypemormal 


4 


D 


P 


— 


— 


P 




7 


Right 


None 


Strong 


Hypemormal 


5 


P 


P 


P 


P 


P 


l8t 


10 


Right 


None 


Strong 


Hypemormal 


6 


P 


P 


P 


P 


P 




7 


Right 


None 


Strong 


Hypemormal 


7 


— 


P 


P 


P 


P 




8 


Right 


R.wk. 


Sirong 


Hypemormal 


8 


— 


P 


P 


P 


P 




8 


Right 


R.wk. 


Strong 


Hypemormal 


9 


— 


P 


P 


P 


P 




7 


Right 


R.wk. 


Strong 


Hypemormal 


10 


D 


P 


P 


D 


— 




12 


Right 


None 


Weak 


Hyponormal 


11 


— 


— 


— 


P 


P 




15 


Right 


None 


Weak 


Hyponormal 


12 


P 


P 


P 


— 


D 




14 


Right 


R.wk. 


None 


Hyponormal 


13 


D 


P 


P 


P 


P 




9 


Right 


None 


None 


Hypemormal 


14 


P 


P 


P 


— 


P 




7 


Right 


None 


Weak 


Hypemormal 


15 


P 


— 


— 


— 


P 




30 


None 


None 


None 


Hyponormal 


16 


P 


P 


P 


— 


P 




12 


R.wk. 


None 


Weak 


Hyponormal 


17 


— 


P 


P 


— 


P 




7 


R.wk. 


None 


Weak 


Hypemormal 


18 


P 


P 


P 


P 


P 




7 


R.wk. 


None 


Weak 


Hypemormal 


19 


P 


P 


P 


P 


P 




6 


None 


None 


Weak 


Hypemormal 


20 


P 


P 


P 


P 


P 




9 


None 


None 


Weak 


Hypemormal 


21 


P 


P 


P 


P 


P 




12 


Right 


None 


Weak 


Hypemormal 


22 


P 


P 


P 


P 


P 




9 


Right 


None 


Weak 


Hypemormal 


23 


P 


P 


P 


P 


P 




6 


None 


None 


Weak 


Hypemormal 


24 


P 


P 


P 


P 


P 




6 


None 


None 


Weak 


Hypemormal 


25 


P 


P 


P 


P 


P 




6 


None 


None 


Weak 


Hypemormal 


26 


P 


P 


P 


P 


P 




7 


R.wk. 


None 


Weak 


Hypemormal 


27 


P 


P 


P 


P 


P 




6 


R.wk. 


None 


Weak 


Hypemormal 


28 


P 


P 


P 


P 


P 




6 


R.wk. 


None 


Weak 


Hypemormal 


29 


P 


P 


P 


P 


P 




6 


None 


None 


None 


Hypemormal 


30 


P 


P 


P 


P 


P 




6 


None 


None 


None 


Hypemormal 


31 


P 


P 


P 


P 


P 




7 


R.wk. 


None 


Right 


Hypemormal 


32 


P 


P 


P 


P 


P 




6 


R.wk. 


None 


Right 


Hypemormal 















Redintegration 30 days 






1 


— 


— 


~ 


. 


_ 




90 


R.wk. 


None 


Weak 


Hyponormal 


2 


— 


P 


— 


P 


D 




23 


R.wk. 


None 


Weak 


Hypemormal 


3 


D 


P 


P 


P 


P 




17 


None 


None 


Weak 


Hypemormal 


4 


— 


— 


— 


P 


P 




29 


R.wk. 


None 


Weak 


Hyponormal 


5 


P 


P 


P 


P 


P 




7 


None 


None 


Weak 


Hypemormal 


6 


P 


P 


P 


P 


P 




6 


None 


None 


Weak 


Hypemormal 


7 


P 


P 


P 


P 


P 




6 


None 


None 


Weak 


Hypemormal 


8 


P 


P 


P 


P 


P 




6 


None 


None 


Weak 


Hypemormal 


9 


P 


P 


P 


P 


P 




5 


None 


None 


Weak 


Hypemormal 


10 


P 


P 


P 


P 


P 




6 


None 


None 


Weak 


Hypemormal 


11 


P 


P 


P 


P 


P 




5 


None 


None 


Weak 


Hypemormal 


12 


P 


P 


P 


P 


P 




6 


None 


None 


Weak 


Hypemormal 


13 


— 


P 


— 


P 


P 




12 


None 


None 


Weak 


Hypemormal 


14 


P 


P 


P 


P 


P 




10 


None 


None 


Weak 


Hypemormal 


15 


P 


P 


P 


P 


P 




21 


None 


None 


Weak 


Hyponormal 
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91 

t9 

X 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

2S 

29 

30 

31 

32 





T(7BN8 








m 


msrUBX THBUVTS 


1 


2 


s 


4 


5 


Fore 


45decrMt 


Hind 


370 


Left 


None 


Strong 


— 


— 


— 


— 


— 




248 


None 


None 


Strong 


— 


D 


— 


— 


— 




56 


Left 


None 


Strong 


— 


P 


— 


P 


P 




26 


Left 


None 


Strong 


— 


P 


— 


P 


D 




55 


Left 


None 


Strong 


— 


P 


— 


P 


P 




14 


Left 


None 


Strong 


— 


D 


— 


— 


— 


3d 


16 


None 


None 


Weak 


p 


P 


P 


P 


P 




13 


None 


None 


Weak 


p 


P 


P 


P 


P 


l8t 


11 


None 


None 


Weak 


— 


P 


P 


P 


P 




12 


Both 


None 


Strong 


p 


P 


P 


P 


P 




13 


Left 


Left 


Strong 


p 


P 


P 


P 


P 




7 


Left 


Left 


Strong 


— 


— 


— 


— 


P 




51 


Left 


Right 


Strong 


p 


P 


P 


P 


P 




8 


Left 


Right 


Weak 


p 


— 


— 


— 


— 




20 


L.wk. 


Right 


Weak 


p 


— 


P 


. 


P 




15 


L.wk. 


Right 


Weak 


p 


P 


P 


P 


P 




7 


L.wk. 


L.wk. 


Weak 


p 


P 


P 


P 


P 




6 


L.wk. 


L.wk. 


Strong 


p 


P 


P 


P 


P 




15 


L.wk. 


Right 


Strong 


p 


P 


P 


P 


P 




8 


L.wk. 


None 


None 


p 


— 


— 


— 


P 


l8t 


28 


L.wk. 


Both 


Weak 


p 


P 


P 


P 


P 




14 


L.wk. 


Right 


Weak 


p 


P 


P 


P 


P 




9 


L.wk. 


None 


Strong 


p 


P 


P 


P 


P 




8 


L.wk. 


Left 


Weak 


p 


P 


P 


P 


P 




14 


L.wk. 


Right 


Weak 


p 


— 


P 


P 


P 




12 


None 


None 


Weak 


p 


P 


P 


P 


P 




12 


Left 


None 


Weak 


p 


— 


P 


— 


P 


3d 


19 


None 


None 


Strong 


D 


— 


P 


P 


P 




13 


None 


Right 


Strong 


P 


D 


P 


P 


D 




19 


None 


None 


Strong 


P 


— 


P 


— 


— 




13 


None 


None 


Weak 


D 


- 


- 


D 


- 




20 


None 


Both wk. 


Weak 



BBTLBZ 
■XCtTABIUTT 



Hyponormal 

Hypemormal 

Hypemormal 

Hypemormal 

Hypemormal 

Hypemormal 

H3rpemormal 

Hypemormal 

Hypemormal 

Hypemormal 

Hypemormal 

H3rpemormal 

Hyponormal 

Hypemormal 

Hyponormal 

Hjrponormal 

H3rpernormal 

Hypemormal 

Timid 

Hypemormal 

Hyponormal 

Hyponormal 

Hypemormal 

Hypemormal 

Hyponormal 

H3rponormal 

Hyponormal 

Hyponormal 

Hyponormal 

Hjrponormal 

Hyponormal 

Hyponormal 















Redintegration 30 days 






1 


. 


P 


P 


P 


P 




16 


Left 


Both 


Strong 


Hyponormal 


2 


P 


P 


P 


P 


P 




8 


Left 


Both wk. 


Weak 


Hypemormal 


3 


P 


P 


P 


P 


P 




6 


Both 


Both 


Strong 


Hypemormal 


4 


P 


P 


P 


P 


P 




7 


Right 


Right 


Strong 


Hypemormal 


5 


P 


P 


P 


P 


P 




6 


Both 


Both 


Strong 


Hypemormal 


6 


P 


P 


P 


P 


P 




6 


Left 


Both wk. 


Strong 


Hypemormal 


7 


P 


P 


P 


P 


P 




6 


Left 


None 


Strong 


Hypemormal 


8 


P 


P 


P 


P 


P 




7 


Left 


None 


Strong 


Hypemormal 


9 


P 


P 


P 


P 


P 




6 


Left 


Left 


Strong 


Hypemormal 


10 


P 


P 


P 


P 


P 




6 


Left 


Left 


Strong 


Hypemormal 


11 


P 


P 


P 


P 


P 




6 


Left 


Left 


Strong 


Hypemormal 


12 


P 


P 


P 


P 


P 




7 


None 


None 


Strong 


Hypemormal 


13 


P 


P 


P 


P 


P 




6 


None 


None 


Strong 


Hypemormal 


14 


P 


P 


P 


P 


P 




6 


Both 


Right 


Strong 


H3rpernormal 


15 


P 


P 


P 


P 


P 




6 


None 


Both wk. 


Strong 


Hypemormal 
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tables shows that at the end of learning 15 perfect records were 
obtained, whereas the second table shows a very imperfect and 
poor record when the same number of trials were given. Absence 
of fluctuations in reflex excitability have produced better redin- 
tegration series on table 53. In addition in this table it will 
be noted that at the end of redintegration a more marked fluc- 
tuation in the extensor thrust occurred without production of 
imperfect responses indicating a bettering of interaction after a 
period of rest. 

The results obtained from these last two tables confirm those 
obtained throughout this investigation on redintegration; the 
redintegration trials as well as learning are more effective when 
an xmequal antagonistic action of extension and flexion of the 
limbs is least in evidence and when fluctuations in this action 
does not take place; that is, movements to learn the problem in 
every trial are more effectively performed when fluctuation in 
certain mechanistic parts are not of frequent occurrence. This 
effectiveness of responses is often dependent upon a manifestation 
of hypemormal reflex excitability and should excitability fluctuate, 
then movements are again ineffectively performed. Redintegra- 
tion is dependent upon the stability of important reflex mechanis- 
tic parts for learning. This stability permits an adequate 
development of interaction of body parts for learning. It is 
scarcely necessary to imply that there has not taken place in an 
organism a fixation of definite or of successful movements to the 
exclusion of all other movements. With the removal of the idea 
of the fixation of a "successful act," there is no need for the 
assumption that there has taken place a development of paths 
in the nervous system or a reintegration in this system for the 
exclusive performance of a ''successful act." 

The movements performed in previous trials are not ''recalled," 
or do not reoccur in the succeeding trials because definite ''sen- 
sory impressions" are made in the organism. There does not 
usually take place the production of a definite movement with 
the reappearance of an appropriate stimulus, or are the ''success- 
ful" movements again produced because of the reappearance of a 
definite stimulus or stimuli. With each succeeding trial, an 
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interaction of body parts is developed still more, so that a codrdi- 
nation of integrated movements can be performed to solve a 
problem. The configuration of the problem produces coordi- 
nated movements for which this interaction has been developed 
and not otherwise. The organism is after each trial differently 
constituted, or it is fxmctionally different. The rapidity with 
which it becomes different is dependent upon the inherent devel- 
opment of individual parts of the organism. Repeated fluctua- 
tions in the reflex parts limit the development of interaction 
much more so than when the reflex parts are xmdeveloped and 
remain constant. The effect these fluctuations have on such a 
development of interaction is clearly seen in this investigation 
of redintegration. 

When redintegration is poor, it is not due to a "loss in mem- 
ory," in "retention," in "sensory motor responses," in "sensory 
experience," or in any similar "psychological process." For it 
is evident no retrogressive changes in neural structures can be 
said to occur with which these processes are supposed to be 
associated. In redintegration, no retrogressive changes appear 
to take place, but a destructive effect is produced on developed 
interaction of reflex mechanistic parts brought about by active 
fluctuations of these mechanisms. The problem of redintegra- 
tion is purely a physiological one. 

The question may naturally arise how does this coordination 
persist after a period of rest, even from trial to trial. Some 
are inclined to believe that there is an imderlsdng mystery to 
this problem. The movements used in solving problems are 
fundamental integrated movements that are conjoined or coordi- 
nated. The neck reflex and the extensor thrusts are inherently 
conjoined with progression and with no other fxmdamental 
movement as the scratch reflex or biting reflex. These move- 
ments persist because they are fimdamental movements already 
in a measure coordinated and when used in an exaggerated form 
must interact more pronoxmcedly with other body parts. This 
interaction is developed for the exaggerated performance of 
movements as any physiological process is in coimection with 
active secretion of a gland, or when in active muscular exercise 
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the efficiency and contraction of skeletal muscle, or the con- 
tractions of the heart, increases when interacting with other 
body parts. The mechanical efficiency in this case resulting 
from greater interaction of body parts persists in the same 
manner as the efficiency of the coordinate movements during 
learning persists. In both instances this efficiency is more 
lasting if the activity of the parts is continued, and a rest period 
of no great extent is instituted. This fact for learning has been 
clearly demonstrated in the investigations of redintegration. 
Again fluctuations in any reflex mechanism disrupts developed 
interaction for the performance of fimdamental movements as 
the usual decrease in efficiency of an organ of the body disrupts 
the working of other organs of the body. 

IX. THE LEARNING OF SEVERAL PROBLEMS IN SUCCESSION 

The direct physiological effect of learning a problem has been 
shown to be the development of an interaction of mechanistic 
parts of an organism, and the actual effect on developed inter- 
action for learning one problem when several are given in succes- 
sion is from many points of view of interest. There arises the 
important biological question of the adjustment of an organism 
to different environments and its consequence. Of no less 
interest are questions of the advantage of "previous experience," 
"transfer," "interference" in learning and the question of 
learning, and the age of the organism. Each of these questions 
have led in the past to special problems for investigations. From 
the standpoint of a physiological explanation of learning they 
are of renewed interest. The explanation of each of these 
problems may at the outset be considered in the light of the 
results already obtained in the present investigation of learning. 

Without considering the physiological changes that take 
place in learning, and the significance these changes have in the 
rigid determination of all movements, any explanation of learn- 
ing based on "sensory experience" is considering an aspect of 
learning not actual facts. That an organism "profits by experi- 
ence" after one problem is learned when another problem is 
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given, implies that an additional factor directs, controls, and 
aids in many ways the mechanisms in their application to the 
learning of another problem. The denial of the existence of 
such a factor would not be of advantage in the present investiga- 
tion, but it can be said that the consideration of such a factor is 
unessential in the present investigation. 

Experiments reported on the question of "transfer" in learn- 
ing have considered to a great extent either the ''sensory con- 
sequence" that similar or disimilar stimuli are likely to produce 
in different problems, or have held to the idea that with the 
existence of stimuli, responses in an animal must invariably be 
produced. The idea of the necessity of the production of a 
response when stimuli are present has led to an antithetical 
division of responses into negative and positive kinds, or into 
negative and positive "transfer effects." Recently Webb (53), 
Wylie (54) and Wiltbank (55) have imdertaken an investigation 
of transfer of responses in the white rat with an idea that stimuli, 
or the environment common to several problems can reveal 
actual transfer effects. But it is evident that such an idea is 
not convincing. Assertions are made that eventually different 
stimuli may produce a response, and accordingly, there exists 
"generalized habits" which can be elicited by different stimuli. 
"Special habits" must then be supposed to be produced by less 
general stimuli. So frequently in animal psychology, analysis 
takes the place of incomplete observations. The physiological 
changes that take place in learning are of less consequence than 
analysis of stimuli and their possible consequence on an organism. 

Again, much of this analysis of the tabulated results obtained 
in the investigation of learning in animals has been concerned 
with the idea that learning eventually leads to some definite 
end product, a habit. A great many subordinate views have 
to be added because of the existence of this idea. One view 
exists without any positive evidence, that one "habit" may 
"interfere" with the establishment of another, or that with the 
establishment of an additional "habit" a real conflict of the old 
and the new one being formed exists. In physiology we do 
not speak of one process conflicting or interfering with another, 
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and why it should in behavior or in learning is difficult to under- 
stand. The idea of interference in responses or ''habits" is 
directly opposed to that of a ''transfer" of responses. The 
presence of unusual stimuli and the production of new move- 
ments "interferes" with the performance of the "successful" act 
already fixated, and thus interrupts the analysis of an estab- 
lished "habit." 

Once more the apparent greater rapidity with which a "habit" 
is established in yoimger than in older animals has led to the 
belief that this rapidity in learning in younger animals holds 



TABLE 55 



NUUBEB 


KUUBCB 
OVBATe 


AOB 






day* 


1 . 


20 


40 


2 


12 


125 


3 


12 


60 


4 


12 


60 


5 


6 


53 


6 


15 


40 


7 


10 


40 



Circular mase, rope ladder, sawdust-box, square 
maze (fig. 8) inclined plane 

Circular maze, rope ladder, sawdust-box, square 
maze (fig. 8) inclined plane 

Latch-box unsolved, square maze (fig. 9), rope 
ladder, sawdust-box, circular maze 

Latch-box imsolved, square maze (fig. 8) rope 
ladder, sawdust box, circular maze 

Latch-box, rope ladder, circular maze 

Circular maze, square maze (fig. 8) 

10 trials on rope ladder, circular maze, sawdust- 
box, and learned inclined plane 



true xmder all conditions. This idea exists often with the one 
that "transfer of habits" of some sort exists, or the experi- 
enced individual is of more value than the inexperienced. 
Two views of this sort retardation of learning in old age, and the 
value of experienced individuals, often conflict when an analysis 
of "habit formation" is not critically reviewed. Analysis of 
habit formation in terms of stimuli and response is the ruling 
passion of animal psychology and of behaviorism. The func- 
tioning of the entire organism is subordinated to analysis of 
"habit formation." 

To consider such views in the present section of this investi- 
gation of learning would lead to no better results than have 

COMFABATITB PtTCHOLOGT, TOL. 1, NO. 3 
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been attained in the past. An analysis of responses can scarcely 
lead to an understanding of the physiological changes that pro- 
duce responses and facilitate them for learning. The changes 
that take place in the organism as a result of learning are of 
greater importance than the application of terms to certain 
aspects of learning. In the investigation of learning of several 
problems it is quite necessary to observe the effect produced on 
the rat as each problem is learned in succession. Observations 
of conflicting responses, ''inhibition/' "transfer" of responses, 
and the like, will conceivably not enlarge our view of the signifi- 
cance of learning a number of problems. 

The problems used were the latch-box, the inclined-plane, the 
sawdust box, the circular maze, the square mazes (figs. 8 and 9) 
and the rope ladder. All these problems, with the exception of 
the sawdust box, have been used in the present investigation of 
the integrated movements in learning in the white rat. To 
observe to best advantage the changes in the development of 
interaction of body parts when learning several problems in 
succession, different arrangements of the problems are necessary. 
The order of presentation of problems, the number used for a 
given arrangement, and the ages of the rats are given in table 
55. Of the 20 rats used in the first arrangement of problems, 5 
were given a rest period of 30 days before a continuation of an 
investigation of learning the square maze, fig\u*e 8. This rest- 
period was instituted in order to observe any change that would 
take place in the organism after a period of idleness. With the 
exception of the last three arrangements of problems, a rest 
period of 3 days for preliminary feeding in problems intervened 
between the learning of each problem in succession. The 12 
rats used when the square mazes were the first problems used 
were given these problems when after 6 days of 30 minute 
trials the latch-box remained imsolved. It was of interest to 
note the effect on the development of the interaction of body 
parts in learning after one problem remained imsolved, and 
later after a series of problems were learned, to note the general 
improvement in learning. The first four arrangements were 
most satisfactory, particularly the introduction of two problems. 
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the rope ladder and the sawdust box, before giving the second 
maze. The object of this arrangement was to see if developed 
interaction for progression through alleys and through turns of 
the first maze persisted for the second maze after the interven- 
tion of other problems, and to what extent. In the fifth arrange- 
ment only two problems were used, the difiicult latch-box prob- 
lem and the circular maze. The object of this arrangement of 
problems was to compare the results obtained from learning the 
circular maze in the fifth arrangement. The results obtained 
from the sixth arrangement of problems, where only two mazes 
were used, can be compared with the results obtained from the 
preceding two groupings, particularly the last. In the seventh 
arrangement, rats were given 10 trials on each of the several 
problems. In such a grouping it is interesting to note the rapid- 
ity of the development of interaction of body parts as successive 
problems are given and whether, when a so-called habit is not 
established, there is any difference in partially learning succes- 
sive problems, and completely learning successive problems. 
All these arrangements are it appears sufl&ciently complete 
to justify the existence or not of those aspects of learning which 
have been discussed above. 

The ages of the rats were 40, 60, and 125 days. Preliminary 
investigation revealed the fact that rats differing in ages from 
40 to 125 days generally showed a difference in the rapidity of 
responses made and in the continuation of movements. This 
conclusion must be regarded as a general one, for in some of the 
older rats rapid and continued movements exceeded those in 
many of the rats 40 days old. Rats differing in ages of 40 and 
60 days revealed only individual differences, and no general 
statement can be made. The difference in ages of different 
groups of rats 40, 60, a^d 125 days old was deemed sufficient in 
order to observe any change in the development of interaction 
in learning the first and succeeding problems. If age has any- 
thing to do with retarding learning, a retardation in older rats 
ought to increase with every additional problem learned. The 
taking of rats at different ages from the confinement of the liv- 
ing cage, as Hubbart (56) has done and giving them a problem 



Digitized by 



Google 



256 JOHN LINCK X7LRICH 

to learn is scarcely convincing that older rats learn with greater 
diflSculty than. younger rats. In the open, learning in any ani- 
mal undoubtedly continues to old age and death, and the ques- 
tion arises whether when learning has been continuous, it is more 
difficult for an older animal to learn than for a younger one. 
When observing rats in the living cage, it has been noted that 
generally rats 60 or 125 days old which have been confined for 
some time, are less active than similar rats 60 days old that have 
learned a problem and are in the living cage only during a rest 
period of 30 days. None of the rats used may be regarded as 
old rats. 

The rats for this investigation were from many diflferent litters 
and only the strongest of them were selected. The condition of 
the reflex mechanisms, the reflex extensor thrusts, and that for 
the production of reflex excitability was not determined for all 
rats. The early part of the work was to observe the condition 
of rats and the performance of movements made. These things 
were taken into consideration with the rapidity of learning. 
Later the exact conditions which determined the results were 
sought. 

The results obtained from the first four arrangements of prob- 
lems are presented on tables 56, 57, 58 and 59. These tables 
give the number of trials required to learn each problem. With 
the exception of the inclined-plane problem, 12 perfect records 
out of 15 were required to be made. Because of the difficulty 
with which a nmnber of perfect records were obtained when 
learning the inclined-plane problem, a criterion of 6 consecutive 
perfect records was demanded. In one instance no perfect 
records were made. In the sawdust box, directive integration 
to one spot to dig for 10 consecutive trials was the criterion 
accepted for this problem. There existed in this problem three 
different positions, front and two sides, in which digging could 
take place to enter the box. With all these problems, the effec- 
tive performance of a definite series of movements was regarded 
as a perfect record. 

In the first four arrangements of problems, the maze was the 
first problem given. Learning the maze problem has been 
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TABLE M 
RaU 40 days 0I4 



NUMBBB OV 

BATS 


CIBOULAB If ASK 


BOPB LADDBB 


SAWDUST BOX 


SQUABB MASB 

I 


IHCLINBD 
PLANB 


1 


40 


41 


20 


21 


26 


2 


29 


60 


20 


27* 


23 


3 


44 


41 


47 


26* 


21 


4 


29 


46 


19 


29 


29 


5 


62 


62 


30 


22* 


26 


6 


60 


79 


21 


18 




7 


31 


98 


30 


19* 


33 


8 


36 


63 


17 


24* 


41 


9 


30 


56 


32 


27* 


16 


10 


27 


73 


19 


28 


43 


11 


49 


72 


21 


19 


47 



* Rest period of 30 days. 



TABLE 57 

Rats 1$5 days old 



NUMBBB OV 
BATS 


CXBCUZ.AB M ASB 


BOPB LADDBB 


SAWDUST BOX 


SQUABB MAXB 

I 


INCLINBD 
PLANB 


1 


38 


45 


21 


29 


58 


2 


40 


54 


36 


21 


42 


3 


41 


50 


32 


21 


34 


4 


42 


68 


18 


27 


91 


5 


48 


37 


32 


29 


36 


6 


48 


32 


29 


36 


24 


7 


35 


50 


31 


19 


26 


8 


44 


67 


28 


32 


20 


9 


32 


45 


31 


36 


67 


10 


43 


52 


27 


60 


55 



TABLp:58 

Rats 60 days old 



nmcBiB OF MAan 




BOPB LADDBB 


SAWDUST BOX 


aBCULAB MASB 


1 


27 


55 


23 


22 


2 


48 


89 


32 


19 


3 


30 


55 


37 


24 


4 


28 


52 


43 


26 


5 


44 


38 


34 


38 


6 


35 


62 


43 


20 


7 


36 


60 


41 


19 


8 


80 


63 


19 


28 


9 


44 


96 


24 


26 


10 


30 


106 


47 


23 
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shown to result in the development of interaction of body parts 
to facilitate progression through consecutive alleys and turns. 
The problem is the same irrespective of the age of rats. Imper- 
fections in progression are present only when the extensor thrusts 
are undeveloped. Since learning does not remove imperfections, 
the age of the rats apparently cannot remove or increase these 
imperfections any more than the manner of progression can 
be changed. If any difference exists in a rat's behavior 
when 40, 60 or 125 days old, it exists in the early trials during 
the facilitation of progression through consecutive alleys and 
turns of the maze. In rats 60 and 125 days old, retardation 

TABLE M 
RaU so days old 



NVMBBB OV BAT8 


BQUABB If AEB II 


BOPB LADDBB 


SAWDTTBT BOX 


CIBCX7LAB MASB 


1 


46 


65 


21 


46 


2 


65 


40 


51 


40 


3 


51 


52 


35 


21 


4 


44 


81 


20 


23 


5 


50 


68 


48 


23 


6 


34 


54 


28 


25 


7 


62 


28 


30 


38 


8 


45 


35 


70 


28 


9 


45 


42 


55 


30 



of the facilitation of progression is seen in the slower movements 
generally produced, particularly in rats 125 days old. Indi- 
vidual diflferences, however, have been noted in rats, 125 days 
old, when progression was as rapid as in any rat 40 days old. 
The slow movements generally observed appeared during pro- 
gression through turns. At times, there appeared to be much 
less flexibility of the entire body in older rats. The attainment 
of posture for progression through turns was in some of these 
rats difficult to facilitate. 

In older rats after several trials, progression is facilitated with 
an increase in speed as it is with yoimger rats, yet often pro- 
gression direct to the goal was made with less speed than in 
younger rats. At the end of learning, nothing definite could be 
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said on this matter, for irrespective of the ages of rats, slight 
fluctuations in the degree of reflex excitability occurred in all 
rats. 

Because of the slower movements produced in older rats and 
a retardation of the facilitation of progression in the early trials 
in the maze, a few more trials generally were required before 
the problem was learned than in younger rats. This can be 
seen in tables 56 and 57. A few more trials were generally 
required in rats 125 days old. There exists, however, the same 
range of individual difference in the number of trials to learn 
the circular maze when a difference in the number of trials is 
due to the functional condition of individual rats as was the case 
when rats learned previous mazes. A different functional 
capacity exists in rats for the facilitation of progression in the 
circular maze; that is, the development of interaction of many 
body parts for progression is not the same in all rats. 

In succeeding problems, whatever the ages of rats, the rapidity 
of the development of interaction of parts for each problem 
determines the number of trials required to learn a problem. 
For the development of interaction for learning one problem than 
for another, the degree of the development of the reflex 
extensor thrusts of the rat's limbs is more adequate in some 
rats than in others. Conditions then are known which deter- 
mine why one problem is easier to learn than another. This 
fact is evident from the results obtained from all the investiga- 
tions of learning of previous problems. An increase in the num- 
ber of trials to learn one problem and a decrease in the number 
for another problem takes place irrespective of the age of rats. 
With the addition of other problems, each problem does not 
become uniformly more diffic\ilt or easier as the age of each rat 
increases. Again, the increase in the age of a rat does not 
change the individual variation in the number of trials that 
were required to learn the first problem, 

The persistence of individual variations in the number of 
trials required to learn a problem, irrespective of the age of the 
animal or the number of problems given, and the ease or the 
difficulty with which different problems are learned, does not 
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indicate that a real ''transfer" in learning takes place, but empha- 
sizes more strongly the persistence of the functional condition 
of an organism when expressed in the degree of development of 
interaction of part of an organism. If anything is "transferred" 
or carried over from one problem to the next, it is the improve- 
ment of the general functional condition of the organism, and 
this is a physiological problem rather than one of a "transfer" 
of movements or of something to the next problem, or a ques- 
tion of identical stimuli which would produce certain move- 
ments. The general functional condition of the organism is 
improved upon after the first two problems are learned. In 
table 56 and table 57 it may be noted that fewer trials were 
required in rats 40 days and 125 days old in learning succeeding 
problems. This improvement is also noted in tables 58 and 59. 
The records presented in these last two tables were obtained 
from rats after the latch-box problem remained for 6 days 
imsolved. 

Again, in rats of different ages, little difference if any exists 
in the number of trials required to learn the last three problems. 
When adding 3 days rest between problems to the number of 
daily trials required to learn each problem before the second 
maze was learned, it will be seen that rats that began the first 
problem at 125 days old were from 238 to 273 days old when 
given the maze problem; those of 40 days old were from 145 
to 238 days old; and those that began with the square maze at 
60 days old where from 159 to 238 days old when they were 
given the circular maze to learn. Many of the rats that were 
given the first problem at 40 days old and later were given a 
rest period of 30 days before the last maze was learned, there was 
exhibited an equal facility to learn as in other rats of the group 
that did not have this rest period. In addition, in the inferior 
group at 60 days old which were given the square maze as the 
first of the several problems, progression was facilitated at the 
ages from 159 to 238 days with fewer trials through the circular 
maze than it was through this last maze in those rats at 40 days old. 
When several problems are given, an increase in the age of rats has 
no effect upon the retardation of the development of interaction 
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of body parts for progression in a second maze of a different 
type. At the time the last maze was learned, those rats that 
began the first maze at 125 days old were regarded as fully 
grown rats, and in such rats the last of a series of problems was 
learned as rapidly as in yoimger rats. 

The statements made above hold true when the last problem 
was not a second maze, but another problem, the inclined-plane. 
An additional table, table 60, is presented giving the record of 
20 rats 40 days old when the inclined-plane problem was given 
them to learn. When comparing the records of the inclined- 
plane problem in tables 56 and 57 with table 60, it is apparent 

TABLE 80 



XUMBBB OF BATS 


TBIALa 


NUMBBB OV BATi 




1 


67 


11 


27 


2 


107 


12 


71 


3 


25 


18 


56 


4 


83 


14 


55 


5 


44 


15 


40 


6 


84 


16 


42 


7 


43 


17 


43 


8 


53 


18 


62 


9 


128 


19 


68 


10 


150 


20 


73 



that fewer trials were required to attain the criterion of 6 per- 
fect records when previously 4 other problems had been learned 
than when this problem was the only one given. This is evident 
when in rats 125 days old a series of problems was begun, and 
these rats were 265 to 375 days old, when the inclined-plane 
problem was given. This problem was more easily learned 
than when this last problem was given alone to rats 40 days old. 
From the foregoing results, it is apparent that the functional 
condition of an organism greatly outweighs the importance of 
age as a factor in learning. Age is as secondary a factor as sex 
and temporary environmental influences. In a life less active 
than when learning, transitory environmental influences and 
other factors have been noted to effect an organism for a time, 
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but the effect they produce on an organism is only temporary, 
and no evidence exists to show that learning is retarded, or is 
slower, because of such influences, or because of an increase in 
the age of an organism. When rats are taken at different ages 
from a living cage and given a problem to learn, age is not the 
factor which determines the slowness of learning in older rats, 
but the functional condition of the animals brought about by 
confinement in the living cage. The functional condition of the 
organism must be known before any generalization can be made 
of the effects produced by any of the things such as age, sex, or 
transitory environmental influences on an organism. 

The behavior of rats shows that with every additional prob- 
lem learned, a developed interaction of body parts aids the learn- 
ing of succeeding problems. This developed interaction results 
in the ready attainment of posture for the production of specific 
movements. When an additional problem is learned, developed 
interaction of body parts for progression persists or is very soon 
facilitated in a new problem. Movements can then be produced 
in a definite direction, and if the problem box is a part of a 
problem, all movements are directed to the box. In the maze 
spurts and retracing of steps are greatly reduced in number. 
Though posture for progression is readily attained, it must be 
facilitate for the important movement that solves the problem 
box or for the different arrangements of tiuns in a maze. The 
two movements, direct progression and the important one which 
solves the problem box, were seen to be the most difficult to 
facilitate. It was exceedingly difficult in most rats to bring 
about postiuing to raise the latch of the latch-box problem when 
it was shifted out of its usual position, and to respond to the 
ball and the cube when these were alternately placed in different 
positions. Usually a disruption took place in the coordinated 
integrated reflexes for posture for progression and in those for 
the attainment of posture to produce the important movement, 
and to a greater extent does this disruption occm* when different 
problems are given than when shifting a problem from its usual 
position. 
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Much greater must be this disruption of coordinated reflexes 
for successive posturing when a great difference exists in the 
configuration of problem and much less so when a slightly dif- 
ferent configuration exists in problems, as in the two mazes. 
Again, this posturing to perform the important movement is 
dependent upon the fimctional condition of the extensor thrusts 
in rats, and, accordingly, with the kind and degree of posture 
required, certain problems are more difficult for one rat than 
another. Different degrees of disruption would therefore occur 
in the inherent coordination of the two integrated movements, 
or dependent upon the development of the rat. The ineffective 
production of posture for the performance of an important 
movement as scratching sawdust, plunging the plane, or passing 
through a difficult turn may disrupt direct progression to the 
mechanism of the problem. This ineffectiveness was observed 
to be the case, when progression was continued aroimd the 
latch-box problem, when ineffective posture before the latch 
took place, and when retracing of steps in alleys leading to 
difficult turns occurred in the maze. When several problems 
were given, direct progression was soon refacilitated. This 
refacilitation appear^ very soon after the important movements 
of converging the limbs inward to cross the narrow path of the 
rope in the rope ladder problem, after the production of the 
scratch reflex in the sawdust box, or after the plunging of the 
plane by any of the usual methods were made. In the case of 
the two mazes, refacilitation of progression in alleys leading to 
easy turns occurred very soon, but was retarded through alleys 
leading to difficult turns. 

To substantiate the statements made above, two additional 
arrangements of problems, the fifth and the sixth, were made. 
The fifth arrangement consists of quite different problems, the 
latch-box, the rope ladder and the circular maze; the sixth 
arrangement, the circular and the square maze (fig. 8). Obser- 
vations of the movements of rats clearly revealed that with 
unlike problems, a greater disruption of the coSrdination of 
direct progression and the important movement occurred than 
when rather similar problems were given. 
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The results obtained from the two maze problems were prac- 
tically the same as when two different problems intervened 
between the giving of the first and of the second maze to learn. 
Any variation in the behavior or the results obtained could be 
attributed to the fimctional condition of the reflex extensor 
thrusts that were recorded before each trial. A fluctuation in 
the reflex extensor thrusts occurred in some rats when the sec- 
ond maze was given, or at the time of preliminary feeding in the 
goal. A difference in behavior was noted in some rats with 
appearance of timidity, and not because of a change in the 
unequal antagonistic action of extension and flexion of the rat's 
limbs. In rats manifesting reflex excitability progression with- 
out the occurrence of spurts took place and retracing of steps 
in alleys between tmns sooner disappeared. In some rats, no 
spurts or retracing of steps were made and progression was direct 
from turn to turn or in an alley beyond a turn. The reason for 
the appearance of spurts and the retracing of steps in the second 
or square maze was due to the closeness of progression to the 
wall of the square maze. This behavior showed that in the 
circular maze the attainment of posture for progression in alleys 
was facilitated in a circle and in some rats had to be facilitated 
for progression in a straight line in the square maze. A develop- 
ment of interaction for progression in the two alleys of the two 
mazes is slightly different, and for a short time with most rats, 
it produces a disruption of direct progression in the allejrs. 

This disruption of direct progression is, however, to be attrib- 
uted more to the presence of turns than to the existence of 
straight alleys instead of curved aileys as in the circular maze. 
There appears much less retracing of steps through alleys, of 
the square maze than through the tmns. Tiuns 1 and 3 in the 
square maze, (fig. 8) are right hand tmiis, whereas in the circu- 
lar maze they are left hand turns. This difference in the twma 
increases the difficulty to facilitate progression not alone through 
the alleys, but also through the txxma. Retracing of steps are 
frequent through tiuns on the first and second trials. On the 
third, or even the fourth trial, progression when direct in the 
alleys, continued beyond a turn or into a cul de sac. In the 



Digitized by 



Google 



INTEGRATION OF MOVEMENTS IN LEARNING IN THE RAT 265 

majority of the 15 rats used, consecutive direct progressions to 
the goal were facilitated from the fourth to sixth trial. In 
a few rats, direct progression through turns 1 and 3 and 
occasionally through 2 or 4 was not facilitated after the first 9 
or 10 trials or at times throughout learning. Accordingly, dis- 
ruptions of direct progression to the goal result more from a 
diflBculty to facilitate direct progression through turns than 
through alleys. The interaction of body parts for the facilita- 
tion of posture for direct progression in the alleys was more per- 
sistent than when learning a second maze. The coordination of 
movements for direct progression and for the important move- 
ment of progression through turns is disrupted in a fimctionally 
developed rat only for a few trials, but disruptions persist longer 
when fluctuations in the antagonistic action of limbs occur. 

When a greater difference in problems exists than is present 
in the two mazes, this disruption of the coordinate integrated 
reflexes for posture for direct progression and for the important 
movement is much more manifest, and particularly is this true 
if progression in a new problem is to be changed in direction or 
made more diflBcult. The disruption was very evident in the 
fifth arrangement of problems where the latch-box, the rope 
ladder, and the circular maze were used. The records of two 
rats are presented in tables 5 and 8 of the investigation of the 
latch-box, and tables 61, 62, 63 and 64 in this section of the in- 
vestigation of learning of several problems. Tables 61 and 62 
are the continuation of rat's record from table 5, and tables 63 
and 64 are the continuation of the rat's record from table 8. 
The record presented on table 5 is approximately the average 
record obtained from rats when learning the latch-box problem, 
and table 8 one of the poorest records obtained from this 
problem. These series of tables were selected with a view to 
presenting some facts bearing upon the difficulty of learning 
one problem and not another, and in addition to emphasize the 
disruption of coordinate integrated reflexes in the attainment of 
posture for each problem. 

The records of the two rats presented on tables 5 and 8, 
emphasize the difficulty with which learning in one rat in the 
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latch-box is facilitated, and the comparative ease with which it 
is facilitated in another rat. Table 61 is the continuation of 
learning on the rope ladder of the rat whose record is in table 5. 
It will be noted that the facilitation of progression on the rope 
ladder is much easier than for a second rat whose record is given 

TABLE 01 

Rope ladder 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 



Put on rope 

Lost equilibrium 

Crossed 

Crossed 

Crossed 

Progression rhythmic. 
Progression rhythmic. 

Lost equilibriimi 

Progression rhythmic. 
Progression rhythmic. 
Progression rhythmic. 
Progression rhythmic. 
Progression rhythmic. 
Progression rhythmic. 
Progression rhythmic. 
Progression rhythmic. 
Progression rhythmic 
Progression rhythmic 
Progression rhythmic 
Progression rhythmic 
Progression rhythmic 

Lost equilibrium 

Progression rhythmic 
Progression rhythmic 
Progression rhythmic 
Progression rhythmic 



BBFLBX TBMXJWn 


Fore 


45 decrees 


Hind 


R.wk. 


None 


Strong 


R. wk. 


None 


Strong 


R.wk. 


None 


Strong 


R.wk. 


None 


Strong 


R.wk. 


None 


Strong 


R.wk. 


None 


Strong 


R.wk. 


None 


Strong 


R.wk. 


None 


Strong 


R.wk. 


None 


Strong 


R.wk. 


None 


Strong 


R.wk. 


None 


Strong 


R.wk. 


None 


Strong 


R.wk. 


None 


Strong 


R.wk. 


None 


Strong 


R.wk. 


None 


Strong 


R.wk. 


None 


Strong 


R.wk. 


None 


Strong 


R.wk. 


None 


Strong 


R.wk. 


None 


Strong 


R.wk. 


None 


Strong 


R.wk. 


None 


Strong 


Right 


None 


Strong 


R.wk. 


None 


Strong 


R.wk. 


None 


Strong 


R.wk. 


None 


Strong 


R.wk. 


None 


Strong 



BXCrrABIUTT 

Hypemormal 
Hypemormal 
Hypemormal 
Hypemormal 
Hypemormal 
Hypemormal 
Hypemormal 
Hypemormal 
Hypemormal 
Hypemormal 
Hypemormal 
Hypemormal 
Hypemormal 
Hypemormal 
Hypemormal 
Hypemormal 
Hypemormal 
Hypemormal 
Hypemormal 
Hypemormal 
Hypemormal 
Hypemormal 
Hypemormal 
Hypemormal 
Hypemormal 
Hypemormal 



in table 63. The learning of the latch-box problem was in the 
second rat more difficult than in the first rat. Posturing in the 
latch-box problem is difficult and posturing for progression on 
the rope is again not easy to attain. The reverse was the case 
with the maze problem, facilitation of progression through con- 
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s 






rUBNf 


\ 






RBrLBX THBUWB 




n 




















BBTLBX 


i 


1 


2 


3 4 

Failed 


5 




Fore 


45 degrees 


Hind 




1 


R. wk. 


None 


Weak 


Hypononnal 


2 






Failed 






R. wk. 


None 


Weak 


Hyponormal 


3 


— 


— 


— 


— 


— 




R. wk. 


None 


Weak 


Hyponormal 


4 


— 


— 


— 


— 


— 




R.wk. 


None 


Weak 


Hyperaormal 


5 


— 


— 


— 


— 


— 




R. wk. 


None 


Weak 


Hypemormal 


6 


— 


— 


— 


— 


— 




R.wk. 


None 


Weak 


Hypernonnal 


7 


— 


— 


D 


D 


D 




R.wk. 


None 


Weak 


Hypemormal 


8 


D 


D 


P 


P 


P 




R.wk. 


None 


Weak 


Hjrpernormal 





~ 


P 


P 


P 


P 




R. wk. 


None 


Weak 


Hypernonnal 


10 


D 


P 


P 


P 


P 




R.wk. 


None 


Weak 


Hypernonnal 


11 


P 


P 


P 


P 


P 




R.wk. 


None 


Weak 


Hypemormal 


12 


P 


P 


~ 


P 


P 


Ist 


R.wk. 


None 


Weak 


Hypemormal 


13 


P 


P 


— 


P 


P 


l8t 


R.wk. 


None 


Weak 


Hypemormal 


14 


P 


P 


P 


P 


P 




R.wk. 


None 


Weak 


Hypemormal 


15 


P 


P 


P 


P 


P 




R.wk. 


None 


Weak 


Hypemormal 


16 


P 


P 


P 


P 


P 




R. wk. 


None 


Weak 


Hypemormal 


17 


— 


P 


P 


P 


P 


l8t 


R. wk. 


None 


Weak 


Hypemormal 


18 


— 


P 


— 


P 


P 


1st 


R.wk. 


None 


Weak 


Hypemormal 


10 


— 


P 


— 


P 


P 


l8t 


R.wk. 


None 


Weak 


Hypemormal 


20 


— 


P 


P 


P 


P 




R.wk. 


None 


Weak 


Hypemormal 


21 


— 


P 


— 


— 


P 




R. wk. 


None 


Weak 


Hypemormal 


22 


— 


P 


— 


— 


P 




R.wk. 


None 


Weak 


Hypemormal 


23 


— 


P 


P 


P 


P 




R. wk. 


None 


Weak 


Hypemormal 


24 


— 


P 


P 


P 


P 




R.wk. 


None 


Weak 


Hypemormal 


26 


— 


P 


P 


P 


P 




R.wk. 


None 


Weak 


Hypemormal 


26 


— 


P 


P 


P 


P 




R.wk. 


None 


Weak 


Hypemormal 


27 


— 


P 


P 


P 


P 


let 


R.wk. 


None 


Weak 


Hypemormal 


28 


— 


— 


P 


P 


P 


2d 


R.wk. 


None 


Weak 


Hypemormal 


29 


— 


P 


P 


P 


P 


iBt 


R.wk. 


None 


Weak 


Hypemormal 


30 


— 


P 


P 


P 


P 


1st 


R.wk. 


None 


None 


Hypemormal 


31 


— 


P 


P 


P 


P 


Ist 


R.wk. 


None 


None 


Hypemormal 


32 


— 


P 


— 


P 


P 




R.wk. 


None 


None 


Hypemormal 


33 


P 


P 


P 


P 


P 




R.wk. 


None 


None 


Hypemormal 


34 


— 


P 


P 


P 


P 


1st 


R.wk. 


None 


None 


H3rpemormal 


35 


— 


P 


P 


P 


P 


Ist 


R.wk. 


None 


None 


Hypemormal 


36 


— 


P 


P 


P 


P 


1st 


R.wk. 


None 


None 


Hypemormal 


37 


— 


— 


— 


P 


P 




R.wk. 


None 


None 


Hypemormal 


38 


— 


P 


P 


P 


P 


1st 


R.wk. 


None 


None 


Hypemormal 


39 


— 


P 


P 


P 


P 


Ist 


R.wk. 


None 


None 


Hypemormal 


40 


— 


P 


P 


P 


P 


1st 


R.wk. 


None 


None 


Hypemormal 


41 


— 


P 


P 


P 


P 


Ist 


R.wk. 


None 


None 


Hypemormal 


42 


— 


P 


P 


P 


P 


Ist 


R.wk. 


None 


None 


Hjrpemormal 


43 


D 


P 


P 


P 


P 




R.wk. 


None 


None 


Hypemormal 


44 


P 


P 


P 


P 


P 


1st 


R.wk. 


None 


None 


Hypemormal 


45 


— 


— 


— 


— 


P 




R.wk. 


None 


None 


Hyponormal 


46 


— 


— 


— 


P 


P 




R.wk. 


None 


None 


Hjrponormal 


47 


— 


— 


— 


— 


P 




R.wk. 


None 


None 


Hyponormal 


48 


P 


P 


— 


P 


P 




R. wk. 


None 


None 


Hypemormal 


49 


— 


P 


P 


P 


P 


1st 


R.wk. 


None 


None 


Hypemormal 


50 


— 


P 


P 


P 


P 




R.wk. 


None 


None 


Hypemormal 
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secutive alleys and turns to the goal of the circular maze was 
more difficult for the first rat whose record is presented on table 
62. For the same rats one problem is more difficult to learn 
than another. 

TABLE 63 

Rope ladder 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 

29 

30 

31 

32 



Put on rope 

Crossed 

Crossed 

Lokt equilibrium 

Lost equilibrium 

Crossed 

Crossed 

Crossed 

Lost equilibrium 

Progression arhythmic. 
Progression rhythmic. . , 
Progression rhythmic. . , 
Progression rhythmic. . . 

Lost equilibrium 

Progression arhythmic . 

Lost equilibrium 

Lost equilibrium 

Slipped. 

Progress] 

Progress] 

Progress] 

Progress] 

Progr< 

Progress] 

Progress] 

Progress] 

Progress] 

Progress] 

Progress] 

Progress] 

Progress] 



ion rhythmic. . . 
ion rh3rthmic. . , 
on rhythmic. . , 
on rhythmic. . . 
on rhythmic. . 
on arhythmic. 
on rhythmic. . 
on rhythmic. . 
ion rhythmic. . 
on rhythmic, 
on rh3rthmic. . 
ion rhythmic. . . 
ion rh3rthmic. . 



Lost equilibrium. 



BBFLBX THBUVrt 


Fore 


45dc«reM 


Hind 


None 


None 


Strong 


None 


None 


Strong 


None 


None 


Strong 


None 


None 


Strong 


None 


None 


Strong 


None 


None 


•Strong 


None 


None 


Strong 


None 


None 


Strong 


None 


None 


Strong 


None 


None 


Strong 


None 


None 


Strong 


None 


None 


Strong 


None 


None 


Strong 


None 


None 


Strong 


None 


None 


Strong 


None 


None 


Strong 


None 


None 


Strong 


None 


None 


Strong 


None 


None 


Strong 


None 


None 


Strong 


None 


None 


Strong 


None 


None 


Strong 


None 


None 


Strong 


None 


None 


Strong 


None 


None 


Strong 


None 


None 


Strong 


None 


None 


Strong 


None 


None 


Strong 


None 


None 


Strong 


None 


None 


Strong 


None 


None 


Strong 


R. wk. 


None 


Strong 



BSFLBX 

BXaTABIUTT 



Hypemormal 
Hypemormal 
Hypemormal 
Hypemormal 
Hypemormal 
H3rpemormal 
Hypemormal 
Hypemormal 
Hypemormal 
Hypemormal 
Hypemormal 
Hypemormal 
Hypemormal 
Hypemormal 
Hypemormal 
Hypemormal 
Hypemormal 
Hypemormal 
Hypemormal 
Hypemormal 
Hypemormal 
H3rpemormal 
Hypemormal 
Hypemormal 
Hypemormal 
Hypemormal 
H3rpemormal 
Hjrpemormal 
H3rpemormal 
Hypemormal 
Hjrpemormal 
Hjrpemormal 



The conditions which determine this variation in the learning 
of different problems is .from previous investigations of learning 
in other problems quite obvious. The functional condition of 
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the rat's reflex thrusts as indicated in tables 5 and 61 is more 
suitable for the attainment of posture to raise the latch and for 
progression on the rope than as is shown in table 62 for progres- 
sion through alleys and turns in the maze; the reverse is the 
case with the other rat's records, whose results are presented in 

















TABLE 64 






s 




•i 


ruBifs 








BSFLBX THBtTSTS 




A • 




















RCFLBX 






















XXCITABtLrrT 




2 


S 


4 


5 




Fore 


45 decreet 


Hind 




1 


Both 


None 


Strong 


Hypemormal 


2 


— 


— 


— 


— 


— 




Both 


None 


Strong 


Hypernormal 


3 


— 


P 


— 


— 


— 




Both 


None 


Weak 


Hypemormal 


4 


P 


P 


— 


— 


P 




Both 


None 


Weak 


H3rpemormal 


5 


P 


P 


D 


P 


P 




Both 


R.wk. 


Weak 


Hypemormal 


6 


P 


P 


— 


P 


P 




Both 


None 


Weak 


Hypemormal 


7 


P 


P 


— 


P 


P 




Both 


Left 


Weak 


Hjrpemormal 


8 


P 


P 


P 


P 


P 




Both 


None 


Weak 


Hypemormal 


9 


D 


P 


— 


P 


P 




R. wk. 


None 


Weak 


Hypemormal 


10 


P 


P 


P 


P 


P 




Both 


None 


Weak 


Hypemormal 


11 


D 


P 


D 


P 


P 




Both 


None 


Weak 


Hypemormal 


12 


D 


P 


P 


P 


P 




Both 


None 


Weak 


Hypemormal 


13 


P 


P 


P 


P 


P 




Both 


None 


Weak 


Hjrpemormal 


14 


P 


P 


P 


P 


P 




Both 


None 


Weak 


Hypemormal 


15 


P 


P 


P 


P 


P 


iBt 


R. wk. 


None 


Weak 


H3rpemormal 


16 


P 


P 


P 


P 


P 




R.wk. 


None 


Weak 


Hypemormal 


17 


P 


P 


P 


P 


P 




R. wk. 


None 


Weak 


Hypemormal 


18 


P 


P 


— 


P 


P 




R.wk. 


None 


Weak 


Hypemormal 


19 


P 


P 


P 


P 


P 




R.wk. 


None 


Weak 


H3rpemormal 


20 


P 


P 


P 


P 


P 




R.wk. 


None 


Weak 


H3rpemormal 


21 


P 


P 


P 


P 


P 




R.wk. 


None 


Weak 


H3rpemormal 


22 


P 


P 


P 


P 


P 




R.wk. 


None 


Weak 


Hypemormal 


23 


P 


P 


P 


P 


P 




R.wk. 


None 


Weak 


Hypemormal 


24 


P 


P 


P 


P 


P 




R.wk. 


None 


Weak 


Hypemormal 


25 


P 


P 


P 


P 


P 




R. wk. 


None 


Weak 


Hypemormal 


26 


P 


P 


P 


P 


P 




R. wk. 


None 


Weak 


Hypemormal 



tables 8, 63 and 64, the attainment of posture for learning the 
first two problems is diflBcult and much easier for progression 
through the maze. The reflex thrusts of the first rat remain 
strong from the last trials in learning the latch-box, throughout 
learning the rope ladder and»the maze. The right ipsilateral 
fore thrust is alone evoked and progression, as is the rule, is 
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difficult through turns 1 and 3 of the circular maze. The effect 
of the antagonistic left neiu'al center on the right is at times 
mMiifest in the occurrence of imperfect responses at the fourth 
turn. In the second rat, the extensor thrusts of the limbs are 
constant through the last trials of the latch-box and the rope 
ladder, but fluctuate greatly before the last trial on the rope 
ladder and before the first one in the maze. This fluctuation 
in the reflex extensor thrusts makes the maze problem less diffi- 
cult. It is apparent that it is the fimctional condition of a rat 
which determines why one problem is easier or more difficult to 
learn than another. 

The most striking behavior in rats when an additional prob- 
lem is given occiu^ in the early trials. There may be mwiifesta- 
tions of timidity, an increase in reflex excitability with active 
movements performed, or a decrease in reflex excitability with a 
decrease in movements, often amoimting to inaction. When 
inaction is present a problem may remain imsolved. Manifes- 
tations of hyponomal reflex excitability is recorded for the 
first three trials on table 62. No period of rest was given before 
the next problem was offered. When reflex excitability persists 
with the performance of active movements, as it does in many 
rats then responses are more directive. These observations on 
the first trials have given rise in the past to elemental analysis 
of one sort or another. It is evident, however, that variations 
in the fimctional condition of rats accoimts for differences in the 
behavior of rats. 

It is this difference of behavior which has given rise to such 
impressions that ''transfer" may be "positive" or ''negative," 
or an absence of "transfer" may be evidenced. These are rela- 
tive terms and indicate the functional development of individual 
rats rather than "transfer effects." In one rat when "positive 
transfer effects" are observed, posture for direct progression is 
evident in the second problem, and excitations in the external 
senses can direct progression. The attainment of postiwe to 
produce the important movements that actually solve the prob- 
lem must be facilitated for a greater coordination with that for 
direct progression. All this is evident when one problem seems 
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easier to solve, and to be more diflBciilt to leam than another. 
When progression is produced by the external senses and posture 
for progression does not persist with the giving of another prob- 
lem, ''negative transfer effects" are present, and when inaction 
or slow wandering progression appears, an ''absence of transfer 
effects" is evident. In these last two instances, posture for 
direct progression and for the production of the important 
movements must be refaciUtated. Evidently different applica- 
tions of the term "transfer" indicate individual differences in 
rats to leam a problem. Any explanation for the existence of 
the term is quite inadequate, unless it is the supposition taken 
from analytical psychology that "transfer effects" are deter- 
mined in another problem by the presence of similar stimuli, 
and negative "transfer effects" are determined by the absence 
of stimuli in one problem which existed in a preceding problem. 

In the same analytical way as "transfer" of definite responses, 
a "generalized habit" is "transferred" from one problem to the 
other. The existence of such a "habit" as something definite is 
questionable, but a general improvement of many parts of the 
animal enables them to work together with greater facility with 
the addition of each problem. A developed interaction of body 
parts for greater coordination of integrated movements common 
to all problems is faciUtated. There results a facilitation for 
posture and for direct progression, but there are great variations 
in its persistence. Since one problem is more difficult for one 
rat than another, disruption of direct progression may result in 
the appearance of wandering movements. An improvement, as 
a result of training, is less evident, but the early facilitation 
of direct progression takes place. A decrease in the niunber of 
trials to leam succeeding problems testifies to this early f aciUta- 
tion of direct progression. 

In whatever way analysis had led to the idea of "transfer" 
in learning, it must also have led to the acceptance of the belief 
of "interference" of responses, of "habits," and the occurrence 
of "retroactive inhibition" in learning. Innumerable move- 
ments can be said to "interfere" with the performance of the 
right movement when a "negative transfer" or an "absence of 
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transfer" is supposed to be present. When one ''habit" "inter- 
feres" with the learning of another "habit" possibly conditions 
are then equivalent to "negative transfer" and a "detachment" 
of some kind from an "established habit" is necessary. It is 
evident that an analysis of behavior of this kind assiunes that 
"interference" is general and all behavior is not the result of 
the individual functional condition of rats. Additional investi- 
gations with the sixth arrangement of problems where two 
mazes, the circular and the square maze, were used, indicated 
that so-called interferences in responses, in "habits," resulted 
from a difficulty to attain posture for progression through 
straight alleys, and through right hand tmns instead of left 
hand turns. In some rats during progression through straight 
alleys of the square maze, after progression was faciUtated 
through circular alleys, progression in short spurts close to the 
inner wall of a straight alley occiured. At other times, posture 
for progression could not be maintained in a straight alley, and 
progression continued back and forth in front of the entrance of 
the maze. With other rats, progression could be accomplished 
through straight alleys, but imperfect responses were produced 
at a turn. In fact imperfect responses were made at turns 
with all rats. These variations in behavior reveal individual 
differences in rats, and it is the functional condition of the rat 
that is significant, not an analysis of what a "rat does." The 
selection of cases where one movement "interferes," or one 
"habit" does not work smoothly with another when the rat 
"does something" will lead to endless analysis and not to funda- 
mental conditions which determine learning. 

Again, the term "retroactive inhibition" has been used when 
the distiu'bing effect of the learning of a second problem is recog- 
nized upon the retention of a previous problem. Once more 
such terms as "positive" or "negative retroactive inhibition" 
and an absence of this "inhibition" are used. Evidently such 
terms refer to individual differences, and the functional condition 
of different rats. From the great variation in the results obtained 
in the investigation of redintegration and from the conditions 
that determine these variations, the term "retroactive inhibi- 



Digitized by 



Google 



INTEGRATION OF MOVEMENTS IN LEARNING IN THE RAT 273 

tion'' may be classed with such terms as "interference" and 
''transfer" in learning. Using these terms is as good as saying 
we do not understand learning. 

One additional arrangement of problems must be considered, 
the seventh. Here 10 trials were given on the rope-ladder, cir- 
cular-maze, sawdust-box and then 30 trials were given on the 
inclined-plane problem. This arrangement was given to see, if 
after direct progression had been established, but not a com- 
plete facilitation of this movement with the important move- 
ment that solves the problems, as was the case with other 
arrangements of problems, direct progression would persist 
through succeeding problems and to what extent. It was also 
interesting to determine, whether when learning « was complete 
and a so-called ''habit" established, this "habit" aids the learn- 
ing of another problem. Observations leading to a definite 
conclusion in respect to the first interest will determine that of 
the second one. 

When 10 trials were given in each of the problems, direct 
progression persisted when one problem was given and not in 
another. This prevailed with all rats. The same results were 
obtained in the first three arrangements of problems, and no 
difference in the behavior of rats was noted when a rat was 
transferred from one problem to the other when 10 trials in each 
problem were given, or after the learning of each problem could 
be said to be complete. After 10 trials on each problem, 30 
trials given on the inclined-plane problem did not improve the 
methods used to plimge the plane, but directive integration was 
soon facilitated and consecutive perfect records were sooner 
obtained than when previously this problem was given inde- 
pendently of other problems. The establishment of a "habit" 
or "habits" is not an "incentive" or even an aid to learning 
other "habits" as is often implied, but the functional condition 
of the organism is improved, because an interaction of many 
parts has been developed and coordinated integrated reflexes 
facilitated. 

To give several problems in succession does not make all rats 
alike. Uniform training does not make all learning a problem 
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with the same ease, but when several problems are learned, 
another problem is learned with greater ease. The same general 
variation in the nimiber of trials required to learn a problem 
exists in the first as in the last problem. This is due to a differ- 
ence in the functional development of rats, and an improvement 
in general in learning is the result of a better development of 
interaction of body parts. The variations in the nmnber of 
trials required to learn the problem, and the fact that one prob- 
lem is more difficult to learn than another does not indicate that 
an organism profits by "experience," imless it is intended to 
mean that improvement in learning another problem results 
from a better working together of many parts of an organism. 
In the learning of several problems, one thing seems quite 
significant, every important movement made that solves a prob- 
lem becomes better linked up with progression. The capacity 
with which such a movement can be better coordinated with 
extension and flexion of the limbs in progression is dependent 
upon the degree of development of the antagonistic action of the 
rat's limbs and the functional development of the mechanism of 
reflex excitability and other reflex parts. An imdeveloped con- 
dition, or an unequal antagonistic action of the limbs can reduce 
the effectiveness of responses. Movements become less direc- 
tive and particularly is this true when reflex excitability is 
hyponormal. This undeveloped condition existing in one 
mechanistic part determines why one problem is more difficult 
to learn than another. In biological terms it would signify that 
an organism is more readily adjusted to one environment than 
another. The degree of the development of interaction of body 
parts must be significant in the siu^val of an organism. 

X. THE PHYSIOLOGY OF BEHAVIOR AND LEARNING IN RATS 

The investigations of learning in the foregoing series of prob- 
lems point unmistakably to the possibility of a physiological 
explanation of learning. When one considers such mechanisms 
as the sensory, the rhythmic succession of extension and 
flexion of the limbs, that for the production of reflex excitability 
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and others, every movement made can be said to result from an 
interaction of these mechanisms. The significant part played 
by some of these mechanisms is evident in the results obtained, 
particularly those results obtained from rats in which there 
exists marked miequal antagonistic action of extension and 
flexion of the limbs and when reflex excitability is either hypo- 
normal or hypemormal. The significance of the sensory, respi- 
ratory and circulatory mechanisms is not imderestimated when 
other reflex mechanisms are emphasized, but these are not so 
evidently concerned in learning. These last mechanisms main- 
tain action of the other parts more essential to learning. Some- 
times it appears difficult to say which is more significant in learn- 
ing, the sensory mechanism, or such mechanisms as respiration 
and circulation. Many parts of the rat, however, are concerned 
in the development of interaction so that integrated reflexes 
can be facilitated for learning. 

It is not apparent that the imdeveloped condition of the two 
important mechanistic parts of the rat, that of the reflex exten- 
sion and flexion of the limbs and that for the production of 
reflex excitabiUty is the result of any undeveloped condition of 
such mechanisms, as the sensory, respiratory, or the circulatory 
which might directly interfere with the working of these two 
important parts in learning. Some evidence points to an unde- 
veloped functional condition of other important reflex mechanisms. 
In case of an unequal antagonistic action of the rat's limbs, 
there is no direct evidence that in the centers of the cord for pro- 
gression that a variation in the number of neurons in these centers 
exists, or that the efferent connections are either undeveloped or 
do not reach an average to produce an equal antagonistic of the 
limbs, but there is some evidence that other centers of the 
nervous system affect these centers. Brown {67) and Weed (58) 
have shown in the investigations of the centers in the brain 
which influence decerebrate rigidity that the cerebellum as 
well as regions near the red nucleus when stimulated, increase 
or decrease the extensor tone of the limbs. Excitation of the 
cerebellum may temporarily decrease rigidity, and stimulation 
of definite regions will produce the same effect. Stimulation 
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of the region of the left side of the red nucleus increases the tone 
of decerebrate rigidity in the right fore limb and decreases it in 
the left fore limb; the reverse is the case if the region near the 
right side of this nucleus is stimulated, increase appears in the 
left fore limb and a decrease in tone in the right fore limb. The 
tone of a contralateral hind limb may also be increased with an 
increase in a fore limb. Now stimulation of the regions near the 
red nucleus at times fails in some specimens to produce an 
increase in extensor tone in decerebrate rigidity in one or more 
limbs. Stimulation of the cerebellum does not, in some speci- 
mens, produce a decrease in extensor tone of the limbs. These 
results indicate possibly the higher centers of the nervous system 
are at times imdeveloped, that the centers of the cord alone, or 
the centers in the cord and the higher centers are imdeveloped. 
Recently I have observed in decerebrate cats the variation in 
increase extensor tone as the result of stimulation of regions 
near the red nucleus and a decrease in tone as a result of the 
stimulation of cerebellum, and I have also noted fluctuations in 
the extensor tone in the limbs after the first two or three stimu- 
lations of these regions of the brain. 

When there exists an undeveloped condition of the reflex 
thrusts, posture and a succession of alternate movements of 
extension and flexion of the limbs diuing progression is impaired 
and the coordination of these movements with other reflex 
movements such as the neck reflex is ineffective. A functional 
imdeveloped condition of the thrusts is the rule in rats, and 
exceptionally few rats show anything approaching an equal 
antagonistic action of them. Fluctuations in the thrusts are 
fairly constant, and during learning these fluctuations produce 
imperfect responses. These responses really result from a dis- 
tiwhance of developed interaction as a consequence of these 
fluctuations. In a similar manner fluctuations in reflex excit- 
ability produce the same effects. In general, learning, or the 
facilitation of a greater coordination of inherent integrated 
reflexes does not improve the fimctional condition of the thrusts, 
but there is a tendency with an increased facilitation, for them 
to disappear and to restore a symmetrical balance of centers in 
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the cord. At times, it appears, coordination of integrated 
reflexes can not take place without a partial restoration of a 
symmetry of parts of the rat, for when fluctuations are frequent, 
and if the extensor thrusts do not tend to disappear, learning is 
impossible. Many imperfect responses are made. 

A greater coordination of integrated reflexes can not take 
place without these reflexes interacting with other parts of the 
body. If reflex excitability is hyponormal, failure for a time 
to solve a problem results. Excitability must appear before 
solution can take place. When reflex excitability is hyper- 
normal, solution of the problem takes place very soon and 
learning is rapid. When reflex excitability is at first hypo- 
normal and then in a few trials becomes hypemormal, it is a 
question whether an actual development of the mechanism for 
its production takes place, or whether an interaction of body 
parts ia for some reason not retarded. Possibly sensory excita- 
tions in general must increase the extensor tone of many reflexes 
before reflex excitability is manifest. But a separate mechanism 
for its production may form an essential component part. As 
soon as sensory excitations in general are produced and trans- 
mitted, relational changes chemical corrtelaes of different 
specific substances from the internal secretory glands become 
active, increasing the metabolic rate by controlling an increase 
blood supply to essential parts for the development of inter- 
action of body parts. Whether the view of Cannon (59) that 
neural action or of Stewart and Rogoff (60) that an increase 
volimie of blood to these internal glands increases the amount of 
internal secretions in the blood is not essential to the view that 
internal secretions are active in the development of interaction 
of body parts. In any case, specific sensory excitations are not 
exclusively necessary for the development of interaction in learn- 
ing, nor are they exclusively necessary for the production of a 
specific response. 

With an increase in the interaction of many body parts when 
reflex excitability is hypemormal, a stimulus from any part of a 
problem produces a response. Then it may be said that an 
external sense directs the organism and progression is, in that 
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case, to definite parts of the problem. In the problems investi- 
gated, the stimulus of the latch produces the neck reflex to raise 
it; a stimulus from the plane produces the extensor thrust to 
plunge the plane; stimuli from the rope continue progression on 
the rope; and stimuli from the alleys and turns in the maze 
continue progression to the goal. These objects acting as 
stimuli set working together many parts of an organism for the 
production, we may say, of definite coordinate movements. 
Interaction of many parts as the result of the application of a 
stimulus produces solution of these problems. This interaction 
is evidenced in the integration of one neiural center with another 
and the dependency of this integration on the interaction of 
many body parts for posture for progression, and for the 
performance of the important movement. The presence of 
reflex excitability to produce wide spread changes in the organ- 
ism for the greater development of interaction is essential. 

Of all the physiological changes that take place in learning, 
the extension phase of a reflex movement is more important 
than the flexion phase. The flexion of a limb is certainly not 
always necessary to produce an effective extension of a limb. 
Fluctuations in flexion of the limb produce changes as well as in 
extension, but changes in flexion of the limb were seen only in 
one case to produce pronounced effects in learning. The appear- 
ance of a strong flexor rebound produced constant imperfect 
responses in the maze problem. An extension of the limb is 
more significant in the performance of turning movements in 
the maze and for moving and pushing of objects about than 
flexion. The same thing may be said of other members of the 
rat's body. Extension of the neck is more potent in learning 
than flexion could ever be to move objects upward, and at the 
start of such an extension as the neck reflex movement, flexion 
of the neck is hardly necessary. An extensor thrust of some 
form is essential to plunge the plane, and its effectiveness and 
constancy are dependent upon its development. But the most 
delicate performance of the thrust is present when in the ball 
and the cube the feet are placed on either of these objects. Later 
in learning this problem, the substitution of vision shows how 



Digitized by 



Google 



INTEGRATION OP MOVEMENTS IN LEARNING IN THE RAT 279 

intricate and highly evolved is the thrusts of the fore limbs. 
The mechanical effectiveness of these thrusts is dependent upon 
the degree of their development, for this substitution occurs 
only when they are functionally developed, when fairly devel- 
oped, olfaction is used, and when they are undeveloped, no 
substitution takes place. All this seems to indicate that an 
efficient integration of the centers for the production of the 
thrusts and the higher centers of the brain is dependent upon 
the function development of these centers. In such instances 
when fluctuations in the thrusts occur and this substitution is 
temporarily disrupted, or imperfect responses appear, ineffective 
integration of these centers is the rule. An adjustment to an 
environment when the higher external senses and neural centers 
would be involved would be impossible. A change in method or 
in the effectiveness of movements during learning is a direct 
consequence of the change in the integration of neural centers. 
All this is very evident after a period of rest and the beginning 
of the redintegration tests. In the higher animals a 'Veady 
modifiability of behavior" may be the direct result of fluctuations 
or rapid changes in neural centers. The significance of exten- 
sion of the rat's limbs, particularly the fore limbs, and not 
flexion of them in learning seems to indicate as much. 

When we consider the functional development of the reflex 
parts of an organism and their interaction with other body parts 
we approach a physiological explanation for learning. We have 
to consider learning which does not imply ''intelUgence," guid- 
ance of any sort, or control, and it is possible to speak of learn- 
ing which points out the adequacy of the mechanisms an organ- 
ism possesses. The "trial and error" concept of behavior and 
of learning with any antithetical division of movements, is 
a useless and a harmful concept for a scientific explanation. 
This is evident even when it is assumed, without investigation, 
that there exists a morphological basis for learning or behavior, 
with the denial that there is present the adaptiveness of intelli- 
gence. Possibly the weakest point in this concept of learning is 
how the retention of the "successful" or the "congruous" move- 
ment is brought about. A psychological explanation with the 
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introduction of "pleasure" or ''sensory intensity" cannot be 
associated with any sound physiological explanation, and far 
more implausible would a personal estimate of movements, when 
selected from a great many an organism produces, result exclu- 
sively in modifying the nervous system for the retention of these 
movements. In learning there appears to take place an exag- 
gerated performance of a prepotent reflex, such as the neck 
reflex, in co5rdination with rhythmic progression. The coordi- 
nation of these movements exists before training, and an exag- 
gerated performance of them must be developed. This is 
accomplished by a greater interaction of body parts being devel- 
oped. An improvement in the performance of the movements 
results and persists as is characteristic of any physiological 
process that repeatedly functions. Individual differences in 
"memory" or in "retention" are to be attributed to the func- 
tional condition of the organism, and a supposed loss in any of 
these "psychological processes," or in the degree of the per- 
sistence of traces of previous "experiences," trials, or "habit" 
does not take place, but results from the constancy or the 
fluctuations of reflex mechanisms. 

In such an explanation of learning the existence of such things 
as "habits" and as "instincts" is questionable. It appears no 
physiological explanation has ever been given to support the 
existence of these antithetical concepts. Tliese concepts may be 
useful in any analytical procedure, but the burden of proving 
a real difference existing between them rests upon the users of 
these terms. "Habits" are supposed to be what the organism 
can acquire and not what it can not acquire. As a result the 
entire conception of learning leading to the acquisition of "hab- 
its," is unsatisfactory. With the prevalent conception of 
"habit formation," the functional condition of the organism is to 
a great extent lost. Comparisons of results which lead and do 
not lead to learning and the adjustment of the organisms to an 
environment are lost. An adjustment to an environment and 
its limitations can not be understood in terms of the acquisition 
of something, a "habit," but can be understood when the fimc- 
tional condition of the organism is considered, and the capacity 
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of this condition to develop an interaction of body parts, which 
will show a functional relation of the organism to an environ- 
ment. This functional relation was observed to be present when 
in the investigation of learning in a niunber of problems a devel- 
opment of interaction of functional parts of the rat's body was 
possible or impossible. The degree of the development of inter- 
action r^ted entirely upon the inherent developments of parts 
and their fluctuations. Through learning these parts do not 
develop, or become functionally more eflfective, but because of 
their fluctuations are a constant source of disruptions to inter- 
action of parts for learning, or for an adjxistment to the environ- 
ment of the problem. The limitations of an organism are 
defined by the functional condition of the organism, not by the 
ability to establish a "habit" or a niunber of them. 

The functional relation of the organism to its environment is 
accordingly better understood by regarding at all times the 
functional condition of the organism which makes no distinction 
between so-called "habits" and "instincts." There are, of 
comrse, problems in learning which are so complex that this 
fimctional relation to the environment is ill suited. This must 
be evident when, with a rat with a fully developed reflex mechan- 
ism, an inadequate adjustment to. an environment takes place, 
or the facilitation of a fimctional relation of body parts to an 
environment is impossible. The mechanism of the organism 
then does not fit or is not suitable for that of the environment. 
There are limitations to any independent mechanism. 

In the present investigation of learning, the fitness of the 
organism to solve a problem was seriously considered. Early 
in experimentation the question as to the fitness of the rats 
arose when in the latch-box problem the proportion of the solu- 
tions of this problem was seen to be small, and the methods 
used to plimge the plane of the inclined-plane problem, depended 
upon the fimctional condition of the rat's reflex mechanisms. 
The question of fitness was also considered when the mechanism 
of the latch and the plane had to be adjusted to produce respec- 
tively the most effective neck reflex, and the extensor thrust of 
the fore lunbs. Then the question arose whether variations in 
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the functional condition of the unequal antagonistic action of 
the rat's limbs revealed in the condition of the extensor thrusts, 
or the absence of reflex excitability, constituted undeveloped 
functional conditions of an organism or biological variations. 
At that time it seemed paradoxical to say that variations in the 
reflex extensor thrusts were biological variations, for according 
to the Lamarckian view of variations these extensor thrusts 
ought to improve with learning, and Darwinian variations should 
show a degree of stability during the life of a rat. If the variety 
of imequal antagonistic actions of the rat's limbs revealed in the 
extensor thrusts are biological variations then these variations, 
it must be admitted, fluctuate during the life time of a rat. 
No previous evidence is to be had of biological variations fluc- 
tuating in the manner that is customary for the extensor thrusts. 
This fact led me to speak of the extensor thrusts being undevel- 
oped. These variations in the extensor thrusts are often so 
great and so numerous that it is possible the variety of undevel- 
oped condition of the thrusts are real . biological variations 
fluctuating in the rat's life time. Similar fluctuations in the 
extensor thrusts of other animals have been noted. 

In addition the mechanism for the production of reflex excit- 
ability does not improve during learning, for fluctuations in the 
mechanism occur to the very end of learning and almost invari- 
ably when reflex excitability is hyponormal in the beginning of 
learning, it is again hyponormal after a period of rest and the 
first trial or trials of the redintegration series. The inherent 
mechanism for the production of reflex excitability is it appears 
only temporarily improved by training. Fluctuations in the 
mechanism of reflex excitability is most marked in rats that 
manifest hyponormal excitability on the first trial of learning. 

If the extensor thrusts and the mechanism for production of 
reflex excitability constitute real biological variations, then 
these mechanism and their fluctuations affect the entire organ- 
ism in its functional relation to the environment more readily 
than any other variation it may possess. There may exist in 
these variations a starting point for adequate investigations for 
experimental evolution. The effect of the extensor thrusts is 
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revealed in the learning of problems, particularly when the right 
ipsilateral fore thrust predominates. This predominance of the 
right fore thrust or neural center over the left ipsilateral neural 
center, seems to indicate an evolutionary development in the 
direction of right handedness. But this variation, tending to 
right handedness, is in functional relation with other parts of 
the organism, and is revealed in the development of an inter- 
action of body parts in specific situations: in the facilitation of 
direct progression to the plane of the inclined plane problem, 
and in direct progression to the goal of mazes when one direct 
path exists in mazes. In some problems the predominance of 
the left ipsilateral fore thrust persists. A complex functional 
relation of the rat to its environment is revealed in the pre- 
dominance of the right ipsilateral fore thrust in some problems 
and the predominance of the left ipsilateral fore thrust in a few 
other problems. When the left ipsilateral fore thrust predom- 
inates, its extensor tone is imusually strong. This effect of the 
extensor thrusts in the rat's relation to its environment is again 
seen when these thrusts are functionally well developed, and an 
adjustment to the environment of the problems is readily 
facilitated. 

Evidently if the environment of the problem remained for 
many generations the same, either selection would be among 
those rats in which the functional relation of the rats to the 
environment could be facilitated, or survival would be among 
those rats in which responses occurred that would be favorable 
to the existence of rats in a new environment. Survival would 
not take place because the establishment of a so-called "habit" 
for improvement of the extensor thrusts and other fimctional 
parts does not take place. When natural selection is supposed 
to be effective, survival is dependent upon selection acting upon 
elementary factors. For survival, selection would be effective 
when acting upon the important movements that solve a prob- 
lem in the manner learning is supposed to be dependent upon 
the selection of the "successful" movement from "random" 
movements. But it would be inconceivable that natural selec- 
tion would be effective when acting upon specific movements 
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when the essential thing for the production of these movements 
is dependent upon the physiological interaction of many body 
parts. Still less conceivable is it that natural selection would 
act upon any specific part of the organism, for these parts must 
interact with other parts to produce the important movements. 
Natural selection would not be among individuals who possessed 
a definite variation, but would be where a physiological inter- 
action of body parts could be developed for an adjustment to 
an environment. Survival would then depend not upon any 
particular variation in the extensor thrusts or in the mechanism 
for reflex excitability but upon the degree of development of 
interaction of body parts, as is the case with learning. If smr- 
vival is dependent upon natural selection acting upon developed 
interaction of body parts, natiural selection as weU as the selec- 
tion of the ''successful" movements are needless terms, for an 
adjustment of an organism to an environment or a problem, can 
be explained by saying that survival and learning in an animal 
are the direct result of the inherent capacity of interaction of 
body parts, developing for the production of suitable responses. 
An adjustment to an environment and to a problem resides in 
the fimctional condition of the inherent parts of an organism. 
The condition determining survival also resides in the fluctua- 
tion of the reflex mechanisms of the organism, for imder one 
condition of these mechanisms survival would be more certain 
than imder another. 

XI, CONCLUSIONS 

Fimctionally, an organism must be looked upon as composed 
of mechanistic parts, the interaction of which produces a char- 
acteristic behavior. No one part acts entirely independently, 
and each part that acts is affected to a greater or less degree by 
others. When imdeveloped parts are present, ineffective move- 
ments appear, and the limitations of these parts are revealed 
when in interaction with other body parts. The possibilities for 
the development of interaction are indicated in the investigation 
of learning, and in the observation of the behavior of rats. 
Accordingly, it is not found necessary to posit any independent 
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factor as an aid in the explanation of learning or of the rat's 
peneral behavior. 

Every movement is predetermined by the functional develop- 
ment of the organism. Consequently we have to consider the 
effectiveness of the parts of an organism in their functional 
relation to the environment. The functional relation of the 
organism to its environment may be conceived, and the respec- 
tive importance of interacting parts of the organism for learning 
and for survival may be thus determined. A ready facilitation 
of interaction of parts of the organism is to be found in the 
functioning of important reflexes considered along with the 
degree of reflex excitability manifest. 

More often in rats the functional condition of parts is not the 
best. Only when it is the best are movements effectively per- 
formed. When an imequal antagonistic action of extension 
and flexion of the rat's limbs is present, the behavior of the 
rat changes, and this is because interaction of body parts is 
not completely facilitated. Fluctuations in the reflex thrusts 
or In the imequal antagonistic action of the limbs temporarily 
disrupts interaction of body parts and movements are ineffec- 
tively performed. In addition when reflex excitability is hypo- 
normal and when reflex thrusts are undeveloped, interaction is 
diflScult to facilitate. Fluctuations in the mechanism of reflex 
excitability may also occur during learning, and excitability 
may become hyponormal. At such timo^ ineffective responses 
may be very marked. Inaction for a time prevails, and not 
until fluctuations in the same mechanism again occur does 
excitability become hypemormal. Reflex excitability and inter- 
action are not something in themselves, but are terms which 
express the functional condition of the organism for learning 
and for survival. 

Learning consists of the facilitation of fimdamental move- 
ments, not the creation or the establishment of new paths or 
reintegrations in the nervous system. Something new is not 
established in the organism, but the facilitation of the perform- 
ance of fundamental movements in an exaggerated form for the 
solution of problems is brought about. Integrated funda- 
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mental movements are more intricately coordinated and these 
movements interact with other reflex parts of the rat's organiza- 
tion. The end result of learning is not the establishment of 
a habit, but a greater facilitation of parts of the rat's body. 

Variations in the fimctional condition of an organism at any 
time in the rat's life cycle is a better explanation for behavior 
than a consideration of ''habits," ''instincts" and "intelligence." 
There is no necessity, because of the supposed presence of such 
things as "habits," "instincts," or "intelligence," to say that 
the rat "does something." Consideration of fundamental 
movements, and integrated reflexes, and fluctuations in them 
and other body mechanisms, furnishes a more exact physiolog- 
ical basis for the study of the behavior of animals. 
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CONSCIOUS ANALYSIS VERSUS HABIT HIERARCHIES 
IN THE LEARNING PROCESS 

p. A. C. PERRIN 
Vnxveraity of Texas 

It is the two-fold purpose of this paper to submit certain 
criticisms of an assumed function of consciousness in learning, 
and to emphasize habit groups or hierarchies as an important 
explanation principle in the learning process. The criticisms are 
based directly upon experimental data. The theory of learning 
was suggested by the experimental evidence, but it is offered as 
an independent consideration. The implication is clearly made 
in many of our standard texts that the rdle of consciousness is 
analytical — that the learner first analyzes the learning situation 
and then proceeds to master it. It is against this interpretation 
that the criticisms are directed. As opposed to this or to any 
attempt to read consciousness into the learning process, stand 
a nimaber of behavioristic theories. The one now presented 
stresses certain behavioristic principles. 

We are thoroughly familiar with the point of view which 
ascribes to consciousness a fimction, particularly in the initial 
stages of the learning process. It works as a directing agent. 
The beginner at tyi)ewriting is asserted to initiate his attempts 
at the expense of an increased or heightened amoimt of conscious 
activity; later, as an expert typist, he is supposed to perform 
with a minimum of conscious direction. Our concern is possibly 
not so much with the truth of this general statement as it is with 
its implications and concrete applications. 

The success with which the behaviorist has explored (and 
exploited) the human learning process has resulted in the side- 
trackiDg of this issue. The modem investigator has been busy 
with graphs and tables, with plateaus and steeples. He has 
either dismissed consciousness altogether from his scheme of 
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things, or he has acquiesced unprotestingly with this theory, 
and then ignored it as a small matter. The conclusions advanced 
in this part of the paper, in themselves, argue neither for nor 
against behaviorism. But they are frankly directed agamst the 
belief that consciousness directs affairs in the beginning stages 
of learning and then relinquishes them as automaticity appears, 
on the grounds that this explanation, however plausible it may 
soimd as a generalization, breaks down upon concrete application. 

In order to discuss with some degree of definiteness this alleged 
rWe of consciousness, invariably stated in the broadest possible 
way, it might be well to raise a few preliminary questions. 
In the first place, it may or may not be true that conscious 
activities are unusually in evidence during the first periods of the 
learning process. The point is at least debatable. If conscious- 
ness is present, however, to an intensified degree, it may be 
emotional rather than ideational — a possibility not provided for 
in the accoimts ordinarily given. And as such, it may inhibit 
rather than facilitate the learning process. But, assiuning that 
this over-production of consciousness is in evidence, and that it 
is ideational, does it constitute a particularized consciousness, 
not observable in non-learning situations? While none have 
made this specific claim, many have implied as much in their 
statements. Again, we should like to know the exact nature of 
this initial learning consciousness. Does it fimction by selecting 
the correct reactions and eliminating the incorrect? And 
finally, we are interested in the exact conditions under which 
heightened conscious processes are stimulated. Are they aroused 
in connection with new, or with difficult, or with complex situ- 
ations? We are informed that consciousness becomes heightened 
in times of difficult or inadequate adjustment; yet common 
observation would lead us to believe that it also attains its 
maximum degree of intensity during periods of hunger or of 
sexual gratification. One reads both the theoretical and experi- 
mental hterature in vain for satisfactory answers to these 
questions. 

The conclusions now offered are assuredly not final, but they 
do attempt to face these issues squarely. Our data would seem 
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to show, in the first place, that the heightened initial conscious- 
ness of the human adult learner is a phenomenon which has 
been considerably over-stressed; and that it has been erroneously 
placed in the cognitive category, where it should have been 
described as essentially emotional. Furthermore, the evidence 
indicates that conscious analysis follows, rather than precedes, 
the act of learning; and that it by no means follows, even, the 
retention and selection of new and difficult coordinations with 
any degree of consistency. In short, reasons exist for believing 
that the himian leanung process, stripped of its accessory accom- 
paniments, is necessarily an unconscious process. 

These conclusions, as just formulated, of course demand expla- 
nation and evidence. As a matter of fact, they are not partic- 
ularly radical. If they are apparently so, the impression may 
be due in part to difficulties of terminology. It may be urged, 
for instance, that "non-deliberate" should be substituted for 
"unconscious," in the above statement. Yet the question, as 
a whole, is something more than a verbal one. Nor can it be 
disposed of as a metaphysical issue. Our data are largely intro- 
spective, and in minimizing the importance of "ideas, " therefore, 
we are likewise assigning less importance to the "neural corre- 
lates of ideas." But it should be acknowledged that the question 
is a relative one. Other writers have called attention to the 
fact of unconscious learning, and it remains to be seen if the 
emphasis placed upon that principle in this paper is justified. 

The investigation now reported consisted of a series of tests 
of motor ability, given to a group of 100 adult subjects. Since 
a nimiber of trials were made by the subjects in each test, it 
can properly be regarded as an investigation of the initial phase 
of the leanung process. Some of the results were obtained 
from a group of five adults, who practiced at card sorting over a 
period of three months, meeting five times a week. Particular 
reference will be made in this discussion to three of the seventeen 
motor tests — the Bogardus fatigue test, a group of balancing 
tests, and a "coordination" test. The apparatus for the last 
named consisted essentially of a triangle and a quadrilateral, cut 
as grooves in an aluminum plate. The subject, with a stylus in 
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his right hand and a corresponding one in his left, was required 
to describe these figures simultaneously, at a standard speed, 
regulated by a metronome. It was in substance a test which 
interfered with the habitual coordinations of the two arms. The 
responses elicited by these three tests seemed to be fairly repre- 
sentative of the human learning process. Both introspective 
testimony and systematic notes on learning behavior were 
recorded, and both were used as a basis for the views now 
submitted. 

Two facts, clearly brought out by the introspections and to 
all appearances by the observations on behavior, are chiefly 
responsible for these views. It is certain that diflScult motor 
coordinations may be acquired which more or less completely 
baffle all attempts at analysis on the part of those who acquire 
them. And it seems quite patent that coordinations may be 
selected and retained unconsciously, in the sense that the indi- 
vidual who selects and retains them does so with no memory of 
the first time the act was performed, and with no memory of a 
conscious plan to perform the act. That these two principles 
have something in common is suggested at once. They are, 
however, quite distinct, inasmuch as they were demonstrated 
under different objective conditions. 

Introspecting upon the coordination test proved to be an 
exceedingly difficult task. Mastery of the test itself, for that 
matter, was by no means easy. And it should be recorded that 
the subject showed all symptoms of close attention to his learning 
problem. In fact, the first part of Angell's description of another 
learning process is equally applicable here : "While one is learning 
to write, consciousness is involved in the most alert and intense 
manner." But the analogy between the mental processes of 
one who learns to write, as given by Angell, and the mental 
activity of the learner at the coordination test is not so apparent. 
To quote the ensuing accoimt: "The position of the hand, the 
mode of grasping the pen, the model to be copied, the movement 
necessary to form each part of the letter — all these things, one 
after the other, ^re the objects of vivid attention" (1). All of 
these items, even the movements involved, are fairly objective 
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and concrete; and the learner, presumably a child in the grades, 
aided by detailed and definite instruction, undoubtedly attends 
after the manner described. 

The difference between the two processes is due to the fact 
that no model of the essential aspect of the coordination test 
was given to the subject. The test calls for a definite series of 
simultaneous arm movements. Its difl5culty may be ascribed 
to two facts: that these sjnachronous movements are neither 
symmetrical nor similar; and that they must be performed in a 
definite and varied sequence. Moreover, they must be executed, 
according to the directions, with free movements — an error was 
recorded each time the stylus came in contact with the metal 
plate. Now, when the subjects were asked to describe the 
objects of their attention, they mentioned the aluminum plate, 
the stylus, the metronome, the electric buzzer, which warned 
them of contacts with boundaries of the figures, and the fact 
that they were moving their arms; but they made no mention 
of anything resefnbling a conscious analysis of the coordination 
itself. Their attention, to summarize the testimony, was upon 
stimulus, and upon warnings of erroneous movements. It was 
not directed towards anticipatory ideas of the movements to be 
performed. To put it in another way, the subjects did not 
deliberately form an idea of a movement-to-be-performed, and 
then proceed to express that idea in action. 

These introspections — assuming, for the present, their relia- 
bility — have a negative value. They argue against the hypothe- 
sis which would make the acquisition of a motor habit depend 
and follow upon a clear-cut anticipation of the act, or upon a 
copying process of any definite sort. They also suggest an 
alternative and a positive explanation, so far as this particular 
test is concerned. Since the figures were grooves, cut into the 
plate, the movements of the subjects were physically restricted 
and guided by these grooves. The situation resembles, then, 
the problem confronting the individual or animal in the maze; 
and Watson's explanation of frequency of response, with the 
probabilities favoring the correct reaction as the one most 
frequently performed, would seemingly apply to the coordination 
test (2). 
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According to our interpretation, this theory, subject to certain 
important modifications and additions, does explain the himian 
learning process in the coordination test. It does not, however, 
furnish a satisfactory account of the discovery of the correct 
reaction. Some more specific factor evidently fimctions. Psy- 
chological theory would be happily simplified if we could establish 
this factor as cognitive in nature — ^if it should turn out to be, 
for instance, the mental image. It happens, however, that the 
subject who foimd the task impossible was an advanced student 
in psychology, best fitted by training and by intelligence to ana- 
lyze the process. It happens, too, that no correlation obtains 
between ability to introspect upon the process and ability to attain 
distinction in the test itself. If, therefore, the mental images, 
kinaesthetic processes, and anticipatory ideas reported by a few 
subjects were the mental process which actually fimctioned in 
learning, we must admit that they rendered feeble and fairly 
ineffective service. The factor, or group of factors, which must 
accoimt for individual differences, is not the conscious analjrsis 
made by the learner of the learning problem. 

A second example of the difficulty attending the attempt to 
read conscious analysis into the learning process is to be found 
in either of the two balancing tests employed in the motor test 
series. The subject was required to walk on the edge of a board, 
secured edge-up to the floor. He was asked to walk forwards 
and backwards, and to make a complete turn on this narrow 
footingr-to learn, in a crude way, the art of tight-wire walking. 
He was also required to balance himself on one foot, Mercury- 
like, on a pedestal constructed of a piece of 2 by 4 inch plank, 16 
inches in length, with a rectangular board at one end, serving as 
a foot-rest. Since this pedestal was not attached to the floor, 
the subject was forced to maintain an almost perfect balance. 
Both tests were conducted by trials. Errors were recorded for the 
first, time for the second. Introspections were called for in both. 

Simple as these tests are, they do not lend themselves to intro- 
spective dissection. The instructor may demonstrate them, and 
he may give a few valuable hints, such as those regarding visual 
fixation points and the position of the feet; but his responsibility 
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must cease with these mei^re akls. The selection of the effective 
reflexes must be left to the learner. But how they were selected 
and permanently retained none of the subjects — mcluding the 
writer — could tell. Certainly, not by any direct conscious 
process. It is true that these tests, involvmg equilibrium, place 
more of a premium upon inherited coordinations than tests ^ch 
as the Bogardus. But they were none the less difficult, and 
none the less subject to improvement; they were, therefore, 
true learning problems. 

Moreover, they elicited intense and definite conscious reactions* 
But this is just the pomt of the discussion; the fact that a type 
of consciousness is aroused, in connection with an initial learning 
situation, which is clearly not engaged with the analysis of that 
situation, logically argues agamst the fimction usually ascribed 
to consciousness as a imiversal law. The nature of that con^ 
sciousness will be discussed subsequently. 

By way of contrast with codrdination and the balancing tests, 
the Bogardus fatigue test affords an instance of a learning 
problem which permits, and to an extent demands, the fullest 
conscious approach possible. Its technique can be described 
verbally and demonstrated visually. The complete reaction 
elicited by it consists of a number of definite acts: the operator 
reaches for and grasps a small wooden cube with his right hand, 
places this cube on a marked square (a small platform, devised 
for the occasion, in this experiment), catches the cube with his 
left hand when it is knocked off by the revolving arms, etc. In 
this test we should expect the process of learning to write, 
referred to above, most closely to be duplicated. 

In just this test, however, we find only an ambiguous support 
of this theory of learning. For, in the first place, some of these 
q)ecific habits were acquired with a minimum, at least, of con- 
scious direction; and in the second place, the habits which 
were consciously directed at the start continued to call for 
conscious supervision— prolonged practice failed to place them 
in the automatic class. The first point is advanced against the 
universality of the principle, even when overt acts are involved; 
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the second point is opposed to the assumption that the learning 
consciousness is a particularized or a unique consciousness. 

One particular reaction made in the Bogardus test will serve 
to illustrate the principle of imconscious (at least, ''non- 
deliberate") habit formation. In giving the preliminary direc- 
tions to the subjects, no reference was made to the device of look- 
ing at the supply box, or tray, containing the wooden cubes. 
The discovery or employment of this was left entirely with the sub- 
ject. It happens to be, however, a decidedly efficient method, 
and it was adopted by practically all of the subjects who made 
good records in the test. In a few instances, the anticipatory idea 
of looking at the tray was reported aspreceding the act; ina greater 
nimiber of cases, act and awareness of the act were simultaneous; 
but in as many other instances the acquisition of this act as a 
habit was accomplished without definite awareness. By this 
is meant that the subject had no memory of the first time the act 
was performed, and no memory of a pre-formed plan to adopt it. 

Similar results were obtained from many other tests. In 
card sorting, the extremely useful device of emplojdng the thumb 
and finger in the left hand, holding the deck, was acquired 
unconsciously by several of the subjects who were unaccus- 
tomed to card games. In the familiar ball tossing experiment, 
unconscious acquisitions of essential habits of manipulation 
were demonstrated by practically all of the subjects who practiced 
at this performance. 

Acknowledgments should be made at this point of possible 
criticisms, directed against the introspections reported, and of 
the difficulty, in general, connected with the attempt to intro- 
spect under the conditions of the experiment. The subjects were, 
in the main, ''untrained" in introspective technique. It has 
already been stated, however, that the few who did describe 
their conscious experiences failed, in so doing, to explain their 
learning process. They merely enimierated the sensory experi- 
ences which necessarily accompanied the movements involved 
in learning. The fact that no correspondence exists between 
ability to introspect and ability to learn is significant, since it 
indicates that the subjective processes capable of being observed 
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and described were psychological by-products, of no real value 
in the learning itself. If this were not the case, it would follow 
that the professional psychologist should be able to distinguish 
hunself in feats of skill. His ability, however, to assist himself 
or others in such accomplishments as dancing, swimming, or 
driving a car seems to be limited to his knowledge of general 
principles (fatigue, temporal distribution of effort, and the like) 
and to his analysis of specific e£9cient methods. But these are 
obviously empirical and objective affairs, and the psychologist, 
therefore, may be of service just to the extent that he is an 
eflSciency expert. 

One particular introspective diflSiculty, however, should be 
noted. It may be urged that our subjects, in the Bogardus 
test, were aware of the act of fixating on the tray, and that they 
merely lapsed into forgetfulness. But this explanation seems to 
be a bit gratuitous. It is based upon either an a priori theory 
that such attention is pre-supposed, or upon the facts that some 
of the subjects did report this definite awareness. The accumu- 
lating body of experimental evidence (Book, Swift, and others) 
corroborates the testimony of the subjects. 

These instances have been cited, not for the purpose of main- 
taining the thesis that a state of inattention is the one beat 
suited for the acquisition of motor habits, but with the ^id in 
view of emphasizing the reaction, rather than the idea of the 
reaction, as the most obvious feature of motor learning phenom- 
ena. The overt movements made by an individual to a motor 
test situation are largely independent of either his anticipatory 
ideas or of his full awareness of these movements. So far as 
the Bogardus test is concerned, it can only be said that definite 
and immediate awareness of the act described was conditioned 
by antecedent and rather incidental circumstances. It may be 
that a preliminary statement of instructions to the subject 
would facilitate his progress with the test; but in this event we 
would obviously have a different learning problem. 

Although estimates of the quantity of total conscious processes 
are necessarily conjectural, the attempt was made to ascertain 
such fluctuations as could be observed by the subjects. The 



Digitized by 



Google 



296 F. A. C. PEBRIN 

result of this attempt prompted the conclusion that learning 
consciousness is far from being tmique, and that fluctuations in 
learning consciousness are primarily emotional. The initial 
decline, when it was in evidence, seemed due to the diminution 
of emotional activity, particularly as regards the state of embar- 
rassment which was naturally aroused in the subjects at their 
first venture with the tests. Tlie conclusion, however, is based 
primarily upon the testimony of three subjects who continued 
at card sortmg during a period of six months. Wh^ they 
continued to exert themselves diuing this period, thus making 
it a period of continuous learning, they did reach a stage in which 
the actual movements involved became jiractically automatic. 
But the act of recognizing the cards remained a conscious act, 
and the total conscious reaction, including orientation, main- 
tained a consistent level. If it is necessary to d^cribe at all a 
teaming consciousness, that description must be formulated in 
terms of effort, of conation in general. 

The conclusions so far advanced have been negative in char- 
acter, and possibly unjust in their disr^ard of certam obvious 
facts of daily experience. These facts will be provided for if 
a distinction is made between two fairly distinct types of human 
learning. In one of these, the problem is to establish a definite 
sequence of acts, no one of which, in itself, presents any unusual 
difficulty. Learning to drive a car is a case in point. A problem 
of this type lends itself readily to analysis in terms of a verbal 
formula, and it can be mastered by mrafiorizing this formula. 
If verbal processes are essentially implicit motor habits, as 
Watson asserts, vm have here the interesting phenomenon of 
one system of motor habits whose fimction it is to inaugurate 
another and a larger (explicit) system. It is this type of habit 
which may be acquired ''consciously" and deliberately, in the 
sense that the learner memorizes and deliberately applies his 
formula. And, in due course of time, it may be dispensed with. 

Closely related to this fimction of verbal processes is their 
employment for elaborating a plan of action. An excellent 
example of this — the reasoning process — in the field of motor 
adjuiitments is to be foimd in Watson's analysis of the individual 
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called upon to face engine trouble (3). Again we find, even in 
this , example, a miniminn of conscious directing of thought 
processes. Angell discusses this point in his text, and goes so 
far as to state that: ''It is easy for anyone who speaks readily to 
gain convincing evidence that the particular words used to 
^q)ress a thought were often in no sense mentally anticipated 
just prior to their actual use'* (4). Whether the word and the 
thought are separate entities is not made clear in this passage. 
If so, the thought is in all probability an incipient act, a tabloid 
performance of the overt act, and as such, a reaction stimulated 
by the learning situation. The learner meets his situation, 
according to this interpretation, with a double repertoire, of 
reaction habits and language habits. Either or both may be 
elicited by the problem stimulus, and it is difficult to see how 
any diiiBctmg agent could fimction in this double associative 
process. 

That no such function is operative is seen in the second type 
of motor leamingi Thi^ Includes situations requiring skUl, 
such as those which place premiums upon steadiness, accuracy, 
speed, the formation of minute and complex muscular responses, 
and the iohibiting of habitual and int^ering responses. If the 
Bogardus tiest ia an example of the first type, the coordinaticm 
and balancing tests are instances of the second. Swimming 
might be mentioned as belonging to an intermediate type. Just 
to the extent that the responses called for permit verbal descrip- 
tion, conscious analysis, in the sense indicated, is possible. But 
in the second type of problem — and this includes most of the 
tests used in the present investigation — ^acquisition necessarily 
precedes; and analysis, if made at all, follows. 

All theories of the leamiag process agree in substance that it 
consists essentially of the selecting and retaining of adequate 
reactions, and of the rejecting and eliminating of inadequate 
reactions, from a surplus of movements. This principle is 
frequently stated in terms of habit, but without the implication 
that any given eluninated movement has necessarily reached a 
definite habit stage. And it is sometimes assumed that any 
isolated reaction in the series, irrespective of its ultimate fate. 
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may be either a reflex or a habit previously formed. All of this, 
however, savors more of definition or description than of expla- 
nation. With this preliminary statement of fundamentals, the 
tiieories begin to diverge. 

The considerations submitted in this paper have been to the 
effect Hiat no anticipatory play of ideas uniformly precedes the 
selecting, retaining, rejecting, and eliminating activities. When 
such mental reactions do supervise learning, the process becomes 
either a reasoned problem, or one involving a step by step reliance 
upon a formula. After making full allowance for the r61e of 
verbal aids in learning, the essential aspect of the process remains 
unexplained; and it remains to be seen if any theory is at all 
satisfactory for this piupose. 

One such theory holds that the successful act or group of acts 
usually terminates a learning trial, and that in the ensuing trial, 
it stands the best chance of selection because of its recency. 
If this explanation is to be taken on its face value, it cannot be 
of service so far as the present results are concerned. An arbi- 
trary time imit distinguished the trials in the Bogardus and 
coordination tests, while task miits (not achievement) separated 
the trials in the balancing, aiming, and card sorting tests. In 
fact, none of these tests was comparable in this respect to the 
maze or problem box experiment. The successful act was as 
likely to occur in the middle of the trial as at the end. And 
it should be noted, too, that in the learning attempts of practical 
life, the "trials" are not sharply defined. 

In another type of explanation, the successful reaction is 
supposed to stand out in some way from the mass of unsuccessful 
attempts, other than by its temporal position. It is distinguished 
because of its feehng tone, or because of the accompanjdng 
increase in metabolism. According to a variation of this, it is 
marked by increased glandular or general organic activities in 
such a way as to insure its ultimate selection. Or, it is merely 
assumed to attract the attention of the learner, and in this 
way to take on a quality of vividness which will mark it as an 
object for conscious selection. In this group of theories, con- 
sciousness may or may not play a r61e. 
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In each of our tests, the learner was m a position, so far as 
objective test conditions are concerned, to note each success 
and each failure, and the second type of theory, therefore, merits 
consideration. One might conceivably admit the principle of 
non-anticipated discoveries, and yet claim that, once made, they 
were observed and consciously incorporated as habits. Against 
this solution, however, stands the fact that both the processes 
of acquisition and of fixation were at times unconscious; and the 
fact that, in the second type of learning problem, the learner 
was in a position to note results, not learning processes. The 
experimenter's observation, as well as the subject's reports, in 
the balancing tests, testify to the surprise of the subject, some- 
times at his successes, sometimes at his failures. He was scarcely 
able to associate either with its antecedent causes. In the 
steadiness test, he was warned of each failure by the electric 
buzzer, but here again he was unable to describe his reactions 
immediately preceding the failure signal, in such a way as to 
di£ferentiate it from his general reactions to the test. Even 
in the aiming test, in which he was apprised visually each time 
of his degree of success, it was obvious that no corresponding 
dififerences in kinaesthetic experience were observable. The 
same statement applies to the coordination test. In this, he 
was kept fully informed as to his progress, by visual, auditory, 
and kinaesthetic cues, but he was not made aware of causes. 
It is rather significant that, in a nimiber of instances, subjects 
developed a decidedly fatalistic attitude towards their achieve- 
ments: failures and triumphs were equally Inexplicable. And 
in all cases, their explanations of specific results were either vague 
or general. It is clear, then, that if this theory implies a con- 
scious association between a success and the movements directly 
responsible for the success, it does not explain the learning process; 
and if it does not presuppose conscious connections, it is all the 
more unsatisfactory. 

No direct evidence is available which bears upon any glandular 
or organic theories. The difficulty here is plainly one of con- 
ception. To imagine that glandular changes parallel each 
attempt in the Bogardus problem, in which there were 43 per 
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minute, is out of the question. And to introduce this theory 
as an explanation of gross results begs the question. More 
justifiable is the assumption that endocrinal activities may be 
useful in accoimting for drive, perseverance, or motive. 

In a third type of explanation, it is assumed that the adequate 
reaction is the one most frequently made. This certainly has the 
merit of simplicity. It is in harmony with current neurological 
beliefs, and with the more obvious facts of behavior. Further- 
more, it dispenses with the somewhat artificial distinction made 
between acquisition and fixation. The question is whether or 
not either the objective conditions of the experiment or the 
nature of the reactions made favor the more frequent repetitions 
of the successful act^ Watson has tried to demonstrate that 
the laws of chance so favor the animal in the maze, since it is 
forced, in any given trial, to follow the true path, but it is not 
imder physical obligations to follow any other one sequence of 
paths (5). It is not our purpose to pass judgment upon this 
particular argument; but we may point out that emphasis must 
be placed upon the learning reaction itself, rather than upon the 
objective conditions of the task, if we are to employ this principle 
as a universal explanation. Clearly, the human learner is not 
physically coerced into placing the blocks correctly in the Bogar- 
dus test, in any possible sense. 

That the nature of the learning process does distinctly favor 
the greater frequency of the successful act is made plausible 
when we introduce the principle of habit hierarchies. Possibly 
the maze furnishes only an ambiguous example of this principle, 
but if the theory possesses any merit at all, it must stand the 
test of examination in connection with a variety of learning 
situations. It has been rather distinctly assumed that maze 
habits are grouped in a coordinate series, with the path segment 
and its turn as the unit of this series. But an earlier investi- 
gation by the writer disclosed the fact that the human subject, 
at least, builds up first a general reaction and only subsequently 
a series of specific reactions. Incidentally, this fact was expressed 
in terms of ideas, but it can be stated just as fairly in terms of 
habit. The point was, however this may be, that the himian 
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adult finds himself equipped with an idea of the general direction 
of the true path, as the result of his first trial in the maze. Armed 
with this general idea, he is enabled to work out the details in 
ensuing trials — developing, of coiirse, a successive series of ideas 
which become less general and more specific (6). If this does 
characterize the human learning process in the maze, we should 
expect S(Hnething analagous to it to operate in the case of the 
animal, imless we are willing to assume a hiatus between hiunan 
and animal forms of learning. 

This may be regarded as a generalized habit, rather tiban an 
idea, as an illustration will show. It was ascertained in the 
same investigation that the human subjects, familiar with the 
location of the maze exit at the periphery of the maze, were 
thoroughly confused when they encotmtered a maze with its 
exit located In the center. Their reaction certainly was not 
one of weighing the possibilities, and then ruling against the 
central exit idea; rather, it was one of proceeding without idea- 
tional inhibitions towards the outside of the maze, after the 
manner of one who imthinkingly lights a loaded cigar. It was 
essentially a transfer of training phenom^aon and it is probable 
that a rat so trained would make a similar error, as the result 
of similar interferences. 

Something analogous to this successive and narrowing series 
of habit formations is to be f oimd in each of the learning proc- 
esses studied in our investigation, and this common principle 
is referred to in this paper as a habit hierarchy, suggested by the 
Bryan and Harter studies. In no instance was a complete 
learning achievement f otmd to consist of a sequence of coordinate 
habit acquisitions. The first duty of the begiimer at the Bogar- 
dus test was to acquire the gross arm movements; this mastered, 
his second task was to perfect the finer habits involved in picking 
up the cubes, placing them on the platform, catching them in 
his left hand. In the coordination test, he first learned to hold 
the tracers, to move them in their appropriate directions, and 
to do so with the metronome. He next discovered the trick 
of moving them simultaneously in the proper direction. The 
avoidance of contacts with the sides came early with some. 
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later with others. This seemed to constitute a separate problem,* 
Probably the best example of this principle is to be observed in 
learning to dance — an accomplishment imfortimately not in- 
cluded in our experimental program. It is quite obvious in this 
learning problem that gross movements are practiced first, and 
that the finer ones, leading to ease, smoothness, and grace, are 
incorporated later. Balancing, too, affords an excellent example 
of this same phenomenon. The principle, as a descriptive fact, 
is not new: one at least similar to it has received considerable 
emphasis, for instance, from Judd (7). 

There is no doubt of the tendency for the learner to proceed 
in temporal order from the coarser adjustments to the finer. 
That the habit zones were not sharply differentiated and that 
they over-lapped with wide margins scarcely need be mentioned. 
And it is quite possible that a learner might be forced tmder 
controlled conditions to acquire the minute habits first and the 
more general later. He might, for bistance, practice at picking 
up cubes before reacting to the Bogardus apparatus in motion. 
In the case of the subjects already adepts at deahng cards, the 
essential finer coordination called for iq card sorting was per- 
fected before they were introduced to that test. But as a 
learning problem is ordinarily faced, in the laboratory and in 
life itself, the gross adjustments necessarily come first. 

It will be noticed that the transition from the gross to the 
fine may show two different aspects. In some situations, differ- 
ent sets of muscles are brought iato fimction. Arm movements, 
as opposed to hand and finger movements, would be a case in 
point. In other situations, the same muscles are seemingly 
called into play, but with an increased premium upon such 
kinaesthetic discriminations as are manifested in greater accuracy, 
rapidity, and steadiness. If the Bogardus test illustrates the 
first aspect, the balancing tests furnish an example of the second. 
In the first, the gross movements are frequently retained as 

^ An investigation of the motor learning processes of children is now under 
way in the laboratory. While the results have not been studied to date, it has 
been demonstrated that young children succeed with this test only by mastering 
each step at a time, beginning with the gross habits and gradually acquiring the 
finer ones. 
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permanent and necessary acquisitions; in the second, they are 
eliminated. In spite of the apparent contrast, these aspects 
possess a common feature, to be referred to subsequently. 

The similarity between habit hierarchies as just defined and 
the generalized maze path habit is possibly not to be accepted 
without question. We can scarcely say that the rat shows gross 
movements for the outhnes of the complete true path, and more 
refined movements for its individual segments or for cuUde-sacs. 
The animal evidently reacts in one essential way only, by run- 
ning or walking. The similarity is more clear in the case of the 
human, occupied with the pencil maze. In that situation, direct 
introspective evidence justifies the distinction between the more 
extensive arm movements, and the movements restricted by 
maze unit segments. Since no discernible difference existed 
between the reactions of the human in the pencil maze and maze 
through which he walked, we may infer similarity as regards 
habit fimctions in the two. The point in common between 
the habit sjrstems of the maze and those of the motor tests is to 
be fotmd in the fact that the smaller habits are associated with 
the larger, and organized into the general reaction program. 
One may develop the habit of pacing back and forth across a 
room, as well as the habit of walking; and one may acquire habits 
of extending the arms over a piano key-board, in addition to the 
habits of key manipulation with the fingers. Of course, the act 
of crossing the room presupposes walking, but this difference is 
incidental. 

The generalized habit, with its associated specific habits, 
finds additional illustration in daily experience. The first 
impulse of an individual familiar with a Dodge car, when he is 
called upon to drive a car with the standard gear shift, is to 
carry over the old habit into the new situation. The readjust- 
ment once made, he finds time to acquire the minor habits 
involved in grasping the new lever with the proper amount of 
force, etc. Or, we may say that the motor responses to a book 
are fairly uniform and general, but that the habits elicited by a 
prayer book and a dictionary differ. This, of course, is not to 
be taken in too literal a fashion: it is not implied that book, 
prayer book, and dictionary reactions comprise three distinct 
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habits, or that the first is composed of the other two funetioning 
conjointly. Habit hierarchies correspond to instinct groups; and 
psychologists no longer regard instincts as rigid entities, capable 
of formal classification. 

If the learner responds to his problem by a narrowing series 
of habit adjustments, the conclusion is suggested that each step 
in the process not only prepares the way for, but actually arouses, 
the succeeding step. If we may express it in stronger terms, 
the learner is invited, at any stage of the process, to do the 
correct thing. At the risk of seemingly stressing the obvious, 
it may be pointed out that when he is seated before the Bogardus 
apparatus for the first time, he reacts to it in a manner generally 
correct. It does not elicit, for instance, swimming reactions. 
His initial movements are restricted by verbal directions and 
possibly by a demonstration, but they are also controlled by the 
visual stimuli, furnished by the apparatus itself. He is not 
literally led through the first movements in the way that the 
novice at dancing is lead through the steps, but he certainly 
is not required to choose a reaction from a series of suggested 
ones. As the result, then, of these combined stimuli, he learns 
to extend his arm to the supply box, where his fingers come in 
contact with the cubes. Here again, the most probable reaction 
is the one desired. The cubes are more likely to stimulate the 
grasping reaction than typewriting or piano reactions. The 
same statement may be made regarding his method of placing 
the cube, of catching it with his left hand, and of executing the 
other reactions called for. The consciousness involved is pri« 
marily perceptual, not in any sense imique or particularized. 

In emphasizing this principle of the probably correct reaction, 
full allowance should be made for the fact that the first manner 
of meeting a situation calling for motor control, however spon- 
taneous it may be, is frequently relatively inefficient, and at times 
apparently futile. Tlie same, of coiu^e, holds for the first 
response at any stage of the learning. No one would claim that 
the efforts of one attempting to swim for the first time resemble 
the maneuvers of the expert swimmer. These efforts are indeed 
likely to result in drowning. Yet^ within the scope of his reper- 
toire of habits, the beginner at ihis problem comes more nearly 
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doing the correct than the incorrect thing; and if mal-adjust- 
ments were not so immediately serious, he would in time acquire 
the correct coordinations. The heroic method observed a gener- 
ation back, by which a boy was thrown into the water and was 
forced to work out his own salvation, may be criticized as ineffi- 
cient, but it cannot be condemned as essentially and psycho- 
logically false. 

According to this interpretation it is not necessary to assume 
that reactions are discovered by a trial-and-error process, and 
that consciousness then selects the one most fitting. Rather, 
the habit 'discovered' is the one brought by the stimuli, and the 
one most likely to be needed* If this is true, the chances are 
favorable for its re-arousal and permanent selection. But it 
is evident that on many occasions one of a number of coordinate 
habits may be stimulated, as when an option is presented in the 
maze. In this case, it may stand an even chance of being the 
incorrect habit. But we should remember that "incorrect*' 
is a relative term. The raccoon who learned to master the 
problem box by standing on his head merely failed to discover 
the most efficient method. Many of our subjects developed 
inefficient reactions in card sorting, such as standing too far 
away from the boxes or holding the deck too high. So the false 
habit, unless specifically inhibited, becomes part of the final 
system. 

The process of actual elimination, therefore, is shown only 
when an adjustment clearly proves itself to be a detriment to 
learning. It is possible that consciousness, while it neither 
necessarily discovers nor selects, may yet ftmction by censoring 
habits which have crept into the reaction system. But again 
we find no logical necessity for this supposition. The phenom- 
enon of eUmination is clearly one of inhibition when it is not 
(as in Watson's example of the maze) a matter of unfavorable 
chances. Here we may distinguish between special inhibitions 
for specific reactions and a general inhibition due to failure of 
the gross reaction^. For the first, we have the buzzer warnings 
of contacts in the coordination test, visual promptings of failures 
in the Bogardus and card sorting tests, pain stimuli where the 
animal receives an electric shock in the event of a false maze 
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turn. As an example of the second type, of general inhibition, 
may be mentioned the individual who sinks at his first attempts 
at swimming,, or the subject who steps off the board altogether 
in the balancing test. In the latter case, it is evident that the 
individual cannot react favorably at all to the problem situation. 
He is forced, therefore, to make a new attempt. If the new 
attempt is a reproduction of the old — and it frequently is — ^failure 
again results. The b^inner must then either continue in his 
fruitless endeavors, or attack the problem with a different set 
of gross reactions. When special warnings of failures are given, 
the same readjusting process may be observed. The tendency, 
in this type of diflBculty, is again for the learner to substitute 
a different higher-order adjustment. Thus, minor difficulties 
in the Bogardus test prompted the subject to change his position 
in the chair, and warnings of contacts in the coordination test 
led him to grasp his stylus in a different manner. The result 
of any inhibition, then, is apparently a change in the method of 
attack most closely associated with the difficulty. It is similar 
to the method of an individual who, imable to find an index 
card in a set, proceeds to go back a considerable distance and 
revise his general method of search. 

With the human subject, the inhibition undoubtedly results 
in the "felt difficulty,'* and in an attempt, at times, to analyze 
this difficulty. This analysis is essentially an act of reasoning. 
But two important facts should be kept in mind. In the first 
place, the reasoning process may be unsuccessful, although the 
learner may finally make progress in spite of this fact. So far 
as the laboratory tests referred to in this article, including the 
maze test, are concerned, we are justified in saying that reason- 
ing reactions were on the whole thoroughly unsuccessful. They 
did not offer a solution of maze difficulties, and they did not 
furnish effective ideational controls for balancing, aiming, and 
moving the arms correctly in the coordination test. The learners 
had no data upon which they could reason; they were merely 
aware of failures. It may be said, in this connection, that 
while reasoning is not necessarily exclusively a verbal process, 
it does function primarily in those situations which permit 
verbal description. If the interpretation of the observer may be 
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trusted, the subject who experiences difficulty in these tests 
characteristically reacts with a series of fairly random verbal 
responses which express emotional states, volitional resolutions, 
and to a limited extent only, analytical processes. 

In the second place, since idea and act are so closely associated, 
the view is again suggested that the idea itself is essentially 
motor in nature. It is certain that the same situation, or the 
same stimulus, which elicits the idea may also elicit the act. 
According to this view, the idea is either (1) the incipient act, 
or (2) the act translated into articulatory processes. In either 
case it is an implicit motor reaction habit, functioning as a stimu- 
lus for a more overt act. Whether or not the idea contains 
imaginal factors other than motor is a question not answered 
by our evidence. But the motor element seems to predominate 
in the thinking processes of the individual engaged with motor 
tests. 

A detailed application of the principles which have been 
emphasized to each of our learning processes could not be made 
without additional experimentation. The systematic recording 
of all observable movements made by a group of subjects would 
necessarily constitute part of the desired data. But so far as 
our laboratory observations go, the principles do seem to hold. 
For purposes of rough observation, a group of five subjects were 
given a set of mechanical puzzles and directed to solve them. 
The first reaction to a puzzle was to grasp it and to pick it up. 
This led to a number of separate manipulations which included 
pressing, twisting, pulling, and bending the movable parts. 
A majority of these habits of manipulation were clearly aroused 
by the specific tactual and kinaesthetic stimuli furnished by the 
position of the hand and of the puzzle, and by the immediate 
antecedent habits. The inhibitions observed were in the main 
physical — the subjects ceased in their attempts to move parts 
which would not move. The correct responses were inevitable, 
rather than accidental, since these inhibitions tended to narrow 
the groups of responses. Again, in learning to walk and to 
balance the body on the edge of a board — ^possibly the most 
difficult learning process for any theory to explain — it was 
evident that the first efforts at equilibrium, involving extensive 
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arm and body movements, were followed by more refined re- 
sponses. A wild sweep of the arms would be replaced by a slight 
movement of the forearm, as inhibitions due to falling and to 
over-compensations developed. There was no evidence of a 
conscious plan to substitute finer movements for coarse, or to 
replace a long sweep of the arms by a more restricted one. The 
substitutions came "naturally." In these two examples, con- 
scious directing, if present at all, was responsible for the gross 
movements involved, not the fine; but the gross movements 
were just the ones most easily performed, since they were the 
ones already established. Learning consciousness, m all cases, 
was correlated with drive, not mechanism. 

The above considerations are oflfered, in part, because of the 
writer's conviction that an unfortunate contrast is too frequently 
made between habit acquisition and instinct. The one is 
regarded as something inexplicable, the other is disposed of in 
summary fashion as "innate." Yet in any concrete manifesta- 
tion of either we may observe an organism bringing to bear 
upon its problem an organization of fairly crude reactions, out 
of which more refined adjustments are filially evolved. In 
either case, the most generally correct reaction is the one first 
aroused, and as the result of repetitions of the problem-stimuli, 
the final adjustment becomes elaborated. And in either case, 
intelligent and conscious analysis of the adjusting process is 
made possible by the development of the process itself. 
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A DOG'S DIARY* 

ELISABETH OILMAN 

The John8 Hopkins University, Baltimore, Maryland 

I am a black-and-white cocker spaniel^ and, now being three 
years old, I feel that my experience may be understood by others, 
and have decided to write some reminiscences, especially of my 
youth. The facts I give are entirely accurate, though some 
allowance must be made for my interpretation of them. I and 
my mistress, for instance, might have quite different ideas of 
certain episodes, and I will try to let her point of view be known 
sometimes, if it seems to be of any value. 

I was bom on the 28th of October, 1912, at the kennels of 
Dr. Stewart Cassard at Towson. In common with the other 
canines at the kennels, I have the surname of '^Drassac" — a 
rather back-handed compliment to the owner of the Cassard 

^This account of a systematic attempt to teach a dog to associate words 
with objects was written in June, 1916, from the daily record which was kept by 
Miss Gihnan during the progress of the work. Miss Gihnan had considerable 
experience in the training of dogs under ''home" conditions, and possessed the 
additional qualification of fondness for the animals. The work was carried on 
as a part of her work in the Department of Psychology, with all the advice and 
criticism possible. The results are especially important because the dog was 
proved capable of learning the tricks which are frequently exhibited as evidence 
for the learning of names of objects, and of performing them in a striking way: 
and yet there was not the slightest evidence obtainable that the animal could 
associate a word with an object. He responded to shadings of the experimenters' 
voice, which were so slight that it was sometimes difficult for those who were 
cognizant with the details of the performance to recognize them; and the 
uninitiated were easily convinced that he did "understand the words," although 
it was easy to demonstrate that such was not the case, by eliciting the same 
performances with entirely different words, but with the same inflection or shad- 
ing. These results are in accordance with tests which have been made with 
other trained dogs, reputed to be able to associate words with objects Several 
such cases have been investigated but in none of them has such association 
been clearly demonstrated, although there is apparent association of words with 
actions. The form of the account was chosen without view to publication. 
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kennels. I have a distingxiished line of ancestors on both sides, 
but it seems to me that my guardians have hardly appreciated 
my lineage, for they have never had me registered, nor have I 
been on exhibition at any show. Therefore, the value of my 
points has not been considered professionally. Instead, I am 
taught all sorts of useless tricks with infinitesimal pieces of 
cracker as rewards. What are these in comparison with a blue 
ribbon, which I am sure I deserve! When I think of this, I 
sometimes become reflective, and humans think I am sullen, 
stupid or obstinate, but I am anticipating. 

My life as a pup at Towson was very imeventf ul, but on Janu- 
ary 17, 1913, 1 was brought in to 513 Park Avenue and told that 
I was to be trained by Miss Elisabeth Oilman, though I really 
belonged to the Psychological Department of the Johns Hopkins 
University. The psychologist came to look me over, and as he 
seemed, satisfied, twenty-five dollars was sent to Dr. Cassard, 
and my pedigree was locked up in the archives of the University. 

It is curious to remember how I looked then.' I was a fat 
Uttle fellow about 10 inches long, with curly hair. Everybody 
petted me, and I surely needed sympathy, for it was lonely work 
to live in a house with humans instead of out-of-doors with my 
brothers and sisters and parents. I sometimes catch echoes of 
talk of hereditary instincts; this sounds very well, but do you 
know, my guardians have never been out even to see my mother 
and father? 

Well, on the 18th of January my education began, my mistress 
teaching me to jump through her arms; no sense to this at all, 
but as there was a piece of cracker on the other side, I thought 
I might as well do as she wished. Just at first, I thought her 
kind, and learned to go upstairs, and on the next day to go down, 
in order to follow her aroimd. She took me out to walk on the 
19th, tied to a chain. I declined to walk in this ignominious 
way, and when she foimd that she was simply dragging me 
along, she seemed ashamed, and letting me go free, I followed her 
very nicely. 

I used to sleep in a room next to the kitchen, but it was horrid 
in the dark, and I criQd dismally. On the 20th it was better, 

* Not quite three months old. 
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for the cook turned on the light. On the 21st, mistress gave me 
a ball, which I retrieved very nicely. She also gave me a bath, 
which I did not like so much, and when she found that I was 
only a little puppy, and not house-broken, she spanked me so 
hard that I decided not to have anything more to do with her. 
I stayed in the kitchen most of the time to let her know what I 
thought of her. But on the 23rd, she named me ''Brother," 
and, as a little girl came to stay on the 24th, I thought I might 
as well give in and become sociable again. That day she tried 
to teach me to jump over her foot. I pretended not to know 
what she meant, but the next day I did it at once. On the 
26th, I learned to shake hands, and I still continue to find that 
a very pleasant thing to do, as it seems to appeal to hiunans. 

By this time' I was nearly house-broken. Mistress says that 
I have learned this much more quickly than any of my prede- 
cessors. The hiunans became rather more reasonable, and gave 
me a basket to sleep in, and so I didn't cry any more on being 
left alone. On the 28th, I went down town and was so frightened 
by the cro\<rd, that I decided not to walk. The next day I had 
another fright. Queer soimds came from a piece of furniture, 
but when mistress took me in her arms and showed me the 
piano and its keys, of course I was perfectly satisfied, and have 
never paid any more attention to the stupid thing. (And the 
bronze lion scared me too, imtil I touched it.) I foimd a very 
nice hassock to chew, but instead of letting me do this, my 
mistress threw it at me twice, so it seemed to me simpler to find 
other things to destroy. By the 30th I was quite an adept at 
shaking hands, but could not imderstand the inane difference 
between right and left. I took my first walk in Mt. Vernon 
Place on the 31st, and foimd the fountain very disconcerting 
and noisy. By the 1st of February, I .knew how to sit up and 
beg, but my back was not quite strong enough to give me any 
confidence. 

After this, I enjoyed my walks, especially playing in the snow, 
and by the 4th of March^ I began to realize that there was some 

* Eight days. 

* A little over six weeks training. 
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method in my mistress' making me do little tricks, and I began to 
do as she wished. When she sajrs 'Ha ho" it means for me to 
stop what I am doing, and when she says ''hie on'' I may eat 
my food. On the 16th of February, I learned to "charge." 
My mistress thinks I enjoy doing these things because I want 
the reward, but I showed her on the 6th that she was mistaken 
by doing my tricks right after dinner, and not eating the cracker 
she offered me. 

On February 11th, I had a great disappointment, I thought 
one of my little brothers had arrived, for I suddenly saw some- 
thing that looked very much like him, and I barked very loudly 
to show him that I was there too, but it turned out to be only 
my reflection in a stupid piece of furniture. I won't be fooled 
by that again, nor had I been before, when my mistress held 
me up in front of a mirror. 

Of coiu^e, there were new discoveries every day. On the 
14th I was much startled by an open fire on the hearth, and when 
I found that the house wasn't biuning down, I decided to enjoy 
it instead of barking. On the 16th I ran home ahead of mistress 
and recognized the house and waited for her on the steps. On 
another day when I went on alone, she hid behind a comer and 
I had to go back and look for her. It is curious how many ideas 
mistress seems to have! On the 20th she began to teach me to 
carry a letter from one person to another. On February 26, I 
was the hero of the occasion, for a thief got into the house and I 
sounded the alarm. The next-door neighbor heard me, but my 
family were too sleepy to hear, so I gladly ate the soup which 
the kind thief thou^tfully found for me in the refrigerator. I 
note in my diary that I weighed 17 pounds on the 28th of Febru- 
ary. On that same day, I had three lessons about eating from 
my mistress' right hand instead of from her left, and in a few days 
I learned it; perfectly simple, if only you are a little attentive. 
A little later I was not phazed even when mistress crossed her 
hands and put them behind her back.' I cannot see why children 
find this a hard trick to do. 

* A really remarkable trick, perfectly performed. 
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On March 16th, I decided to explore, and I ran down the alley, 
through the side street, and down Park Avenue to the front 
door. It was locked, and as I could not ring the bell, I had to 
wait until a neighbor coming by kindly consented to do it for 
me. I was strong enough by March 10th to learn to jump on 
a chair, and I was very much teased on that day by having 
cigarette smoke blown in my face; such a foolish joke for a big 
boy to play on me. 

I used to have keepsakes about this time and would take 
them to the Morris chair, or the sofa, but since I have grown 
older, I have given up collecting. I was whipped, after that, 
for chewing up slippers and books, so that I decided the game 
was not worth the candle. On March 16th, I began to learn to 
"die for my country,'' and on the same day to lose my puppy 
teeth. 

I didn't keep a full diary after this, though I learned to do 
many things, such as saying my prayers by standing in a high- 
backed chair, and to understand various signals by my mistress' 
tone of voice. Strangers think I know their names when I do 
this trick, but I really wait for my mistress to give me a signal 
by a rising inflection of her voice, and then I jump and eat the 
cracker. I enjoy these tricks as much for the applause given 
me as for the bit of cracker, but that is nice too. 

The smnmer of 1913 and 1914 I spent in Canada. I kept no 
diary, and I must refer you to the head of the Department for 
any particulars of my behavior during these two siunmers. I 
learned to swim, which was perfectly delightful. I returned to 
Baltimore in October, 1913, and that autumn my mistress 
seemed bewitched with the idea of teaching me to do things with 
a ball (such a horrid, black, smelly little ball it was, too!) I 
told her that I much preferred a tennis ball, but I haven't thought 
it worth while to have much to do with any kind of a ball; so 
from that day to this I retrieve it two or three times for the sake 
of being agreeable and look for it when it is hidden. And then, 
after a short time I ignore it, and if the humans upstairs are too 
insistent, I go down to the kitchen, for I am sure of a welcome 
there, whether I do my lessons or not. Once or twice my mistress 
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has whipped me when I declmed to do my lessons, but I soon 
showed her that she would get nothmg out of me m this way. 
Sometimes it seems to be a trial between us as to which has the 
most determination; I generally win out, but I did consent to 
learn to shut the door. She tried for months by putting a piece 
of candy on the door-knob, which would fall to my share when the 
door was closed suddenly by my jumping against it. After 
months of ill success, towards the end of January, 1914, I at 
last decided to give in and in three or four lessons became quite 
expert at it. Now, to my disappointment, however, I no longer 
find any candy on the knob, but of course I keep on, for I would 
not have it thought that I do things only for bribes. 

Shortly after this, in April of 1914, my mistress became 
interested in something she called hypnotism, and, looking over 
my papers, I find the description of how she made me suffer, 
which I quote: 

April 25, 1914: Made Brother look me steadily in the eye for fifteen 
minutes. He then followed me as usual into the next room. I made 
him go "dead dog." He remained quiet for an hour and a quarter, 
though I moved about, servants entered the room, and I gave stimulus, 
"country is saved!" When I was forced to go to another part of the 

house, he rushed down stairs and S said, "He does not like the 

treatment." I then made him come back to the study and "die" 
again. No lunch for him. Cracker in front of his nose. Eyes open 
and tail wags. Kept him on chair for some minutes until others came 
in. He ate a little cracker, but on my telling him to go "dead dog," 
did not eat. Very nervous when he went down stairs, crouched and 
trembled. 

I leave it to any of my readers to decide whether this treatment 
was fair, and whether I was not justified in trembling. 

I paid two visits to Virginia about this time, and greatly 
enjoyed going himting, but I heard that I was not successful 
in that direction. I only flushed the birds. I have a good 
scent though, and have found the himting party when I was 
separated from them by about hialf a mile. 

By these various trips in smnmer, it is extremely hard for me 
to know to whom I really belong, and when my smnmer master 
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goes in one direction, and my winter mistress in another, I am 
often placed in a very sad predicament. 

I don't feel that I have learned very much in this last year. 
My mistress tried to teach me to know by name the various 
objects that she had placed in a row, and would ask me to bring 
her first one and then another. This seemed to turn me into a 
conmion carrier,, and I didn't know what it would lead to, and so 
far I have been absolutely successful in thwarting her plans along 
this line. The last stimt that has been planned for me is really 
much the nicest of all. When doing my tricks, I have not been 
allowed to eat the reward imtil the signal is given. Now, how- 
ever, they want to make the test as to whether I have any concep- 
tion of duration of time. Food is put near me and I am allowed 
to take it at the end of twenty seconds. This is all very nice 
when I catch on to the idea, but the old habit is so strong within 
me that I generally wait for my mistress to give me a nod or a 
word, and so don't do the trick. 

I really understand a great deal that is said to me, and some 
words have distinct meanings, although more often it is the tone 
of voice that I am watching for.* My greatest pleasure in life 
is to go for a walk, and when mistress tells me that she cannot 
take me, I understand and turn tail and go down to the kitchen 
so that she may not see my disappointment. 

I think my development has gone about as far as it can in the 
house, but I could learn a great many more things out-of-doors. 
My emotions are also very keen, and I get really angry at what 
may seem to others slight provocation. 

I am now about three and a half years old, and hope to do 
better work in the future. 

' No real evidence of identification of wards with objects was obtained. Words 
were possibly associated with certain actions: but even here, ''expression" of the 
voice was apparently the important factor. 
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EXPERIMENTS ON THE TRANSFER OF TRAINING^ 

WILBUR HARRINGTON NORCROSS 

From the Psychological Lahoraiory of the Johns Hopkins Unioersity, Baltimoref 

Maryland 

I. INTRODUCTION 

. It has long been known that if an individual be given training 
("practice'') in some operation which involves the musculature 
of one side of the body only, there will be an apparent improve- 
ment in the same or similar operations carried on through the 
corresponding musculature of the other side of the body, although 
this musculature has not been involved in the "practice." If, 
for example, the individual is given pra<5tice in operating a 
typewriter with the right hand only, and the practice is con- 
tinued until a considerable degree of improvement in speed and 
accuracy is attained, it will be expected that the individual will 
show now an improvement in the same respects in operating the 
machine with the left hand, as compared with his performance 
with the left hand before "practice,'' although only the right 
hand has been employed in the "practice" work. This apparent 
carrying over the "practice" effect from the one side of the body 
to the other is technically known as bilateral transfer of training. 

The phenomenon of bilateral transfer is first recorded as 
observed by Weber (28) and Fechner (9) in the ease with which 
an individual's impracticed hand made letters similar to those 
made by his practiced hand. Volkmann (26) reported similar 
results in the transference of sensitivity to tactile impressions 
in distance discriminations. Scripture (20) noted that improve- 

^ The experimental work reported in this paper was done for the greater part 
at the Johns Hopkins University during the years 1914-1916, and completed at 
Dickinson College during the year 1917-1918. An extensive historical summary 
which had been prepared was lost, during the author's absence in the army, 
through no fault of his. In its present form, the paper was completed May 1, 
1920. 

317 

COIIPABATIVB PSTCHQLOai, TOL. 1, NO. 4 



Digitized by 



Google 



318 WILBUB HABRINOTON NOBCROS6 

ment in steadiness, strength and muscular control was trans- 
ferable bilaterally. Davis (6) reported the results of tests and 
practice in lungeing, and with dumbbells, tapping, dynamo- 
meter and ergograph; and from his data concludes that ''the 
effects of exercise may be transferred to a greater or less degree 
from the parts practiced to other parts of the body. This 
transfer is greatest to symmetrical and closely related parts.'' 
Wissler and Richardson (32) concluded from data gathered by 
experiments with a hand dynamometer, that large transfer of 
training accrues to the unpracticed hand. ''The accessory 
muscles of one side gained approximately as much from the 
exercise of the corresponding muscles of the opposite side as 
from the exercises of the fundamental muscles of the same side.'' 
Wallin (27) trained observers in monocular control of the illusive 
phases of reversible peri5)ectives. The improvement that 
resulted from the training of one eye was shared by the untrained 
eye. 

Swift (22) concluded from his experiments in tossing two balls, 
that in the majority of cases the training of the right hand was 
efifectively transferred to the left hand. In one case, in foiu* 
dajrs of practice the left hand excelled the attainments of the 
ri^t hand previously practiced eleven days; the transfer being 
perhaps due to the "content already learned." Hill (11) found 
positive evidence of transfer of training from the practiced to the 
unpracticed hand in his experiments on mirror-drawing of a star. 

The phenomena observed have been given various tentative 
explanations, mostly in terms of phjrsiological theories. The 
problem cannot, however, be divorced from the more general 
problem of transfer of training, which is included in the much 
debated topic of "formal discipline," which is the supposed 
training of abilities in one subject, study or direction, in such 
manner that the abilities may be applied effectively to other 
studies or in other directions. Under this topic belong the 
hsrpothetical "training of memory" and of other "faculties," 
and the "training of the mind" through the study of a subject 
such as Greek or mathematics in the hope of making thereby 
the mind more efficient in other work. 
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On the subject of "formal discipline" or "transfer" in general, 
the investigations have been numerous and the literature is 
extensive. It is not necessary nor desirable in this report to 
give a complete simmiary of the same. Only a few of the more 
striking examples will be mentioned here.* Bennett (2) reported 
transference of the efifect of training the memory in learning 
poetry, to learning of rows of digits and lists of names; Ebert 
and Meimtiann (8) in a elaborate study of the influence of memory- 
training in learning nonsense-syllables, tested by memory work 
in numbers, poetay, optical designs and word pairs in German 
and Italian, reported in favor of effective influence of this special 
learning upon the tests; Dearborn (7) in repeating these tests 
with controls, obtained data from which he inferred that much 
of the improvement in the test is, in fact, to be considered as 
due to the special training. Fracker (10) reported that a course 
of training in memorizing a series of tones of varying intensities 
results in marked gains in memory tests in memory for poetry, 
colors (grays), pitch, geometrical figures and muscle movements; 
Winch (31) reported gain in ability to memorize history as a 
result of practice in memorizing poetry. Rail (16) found evi- 
dence of transfer of training resulting from miscellaneous memory 
work twenty minutes a day carried over to tests in memorizing 
"Evangeline" and nonsense syllables. Sleight (21) found trans- 
fer from memory training in poetry to memorizing of nonsense 
syllables; from training in memorizing tables to the memorizing 
of dates; and from training in memorizing prose to memorizing 
prose and names; Thomdike and Wood worth (23) reported 
transfer of improvement resulting from a training course in 
estimating areas in rectangles, of from ten to one hundred square 
centimeters in area, over to the estimating of areas of various 
sizes and shapes. Judd (12) in his investigation of the Mttller 
Lyer illusion under varied conditions, found evidence that the 
effect of the training in estimating the error of the illusion in 

* For a very complete rteum^ of the literature on the subject of Transfer, the 
reader is referred to CJoover, Formal Discipline, Psychol. Rev. Mon., vol. xx, 
no. 3. Most of the bibliography presented in this report was read, as well as the 
work of the investigation done, before the monograph by Coover was read. 
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one f onn of presentation is transferred to estimating the error 
in another form of presentation; Ruediger (17) foimd possible 
the transfer of general ideals, e.g., of neatness, from one school 
situation to another; Lewis (14) found in his study of the Muller- 
Lyer illusion that after continued practice in one form, ihe 
illusion may be made to disappear, and when the illusion plate 
is subsequently presented in another form, the illusion will 
reappear, but may be overcome more quickly by a training course 
in auditory discrimination; Angel and Coover (1) foimd that 
the power of discrimination of brightness and color is increased, 
and that typewriting becomes speedier and more accurate, 
following a training course in card sorting. They foimd also 
that training in sorting cards imder one set of conditions pro- 
duces an improvement in the sorting cards imder diflferent con- 
ditions. Pyle (15) and Saxby (19) foimd that training in the 
quick perception of numbers and in the observations of specified 
objects produced positive improvement of general observations: 
and that training in ideals of accuracy and neatness in one kind 
of work may be effective in temporary transfer of those ideals 
to other kinds of work. Coover (5), in experiments testing 
sensory discrimination, attention, muscular coordination, mem- 
ory, discrimination and choice, claimed full justification for 
stating that skill gained in specific exercises may be available 
for general use. 

II. EXPERIMENTS ON THE TRANSFER OP TRAINING 

The experimental work herein reported was conducted prin- 
cipally on bilateral transfer from one hand to the other, with 
subsidiary experiments designed to secure material for the inter- 
pretation of the bilateral eflfects. The apparatus consisted 
essentially of a Burroughs adding machine, subtractor model, 
ten column, motor driven. Certain devices described below 
were supplementary to this machine. The work was done in 
the "middle four" columns, the other columns being cut off. 
At the top of each column is a release button, pressing which 
releases any digit buttons depressed in that column, and makes 
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possible the correction of an error, should such be detected 
before printing. At the right side of the keyboard of the machine 
is the error bviton, pressing which releases all the digit buttons 
depressed. The printing operation was accomplished by a single 
movement of pressing the print bar situated at the right hand 
of the keyboard. Instructions were that no attempt at cor- 
rection was to be made by the reactor after the number had 
been printed, but there were no restrictions set upon using the 
release buttons at the head of the digit colmnns, or of the error 
button prior to the printing operation. This feature of the 
manipulation of the machine was usually learned without 
difficulty. 

The adding machine presents a relatively simple problem to 
a novice. The keyboard is learned almost at a glance. One 
need not get lost looking for the proper "button" or "key,'' 
as is frequently the case with a beginner at the t3T>ewriter. The 
adding machine also makes it possible to work with either hand 
with almost identical movements. The only asymmetrical 
movement required in these experiments was that made by the 
left hand in pressing the print bar. This was a movement 
across the entire body, since the print bar was attached on the 
right side of the machine. The right hand could press the print 
bar by moving from the center of the machine to the right of 
the machine; not a cross body movement. 

Number-sheets as work units for the adding machine are of 
more uniform difficulty than word-lists for the t3T>ewriter, num- 
bers probably require a more uniform effort for recognition than 
do words. Accumulative memory products are also not so 
probable when number sheets are used as they are when word 
lists are used on a typewriter. 

The nimibers on the work sheets comprise the "four-place" 
number addition system of the Johns Hopkins Psychological 
Laboratory, and will be printed separately later. These work- 
sheets consist of ninety four-place numbers, derived by a system 
such that no number shall have zero as a final digit, and with the 
distribution of the various digits such that each sheet is exactly 
as difficult as any other; and yet the numbers are so varied that 



Digitized by 



Google 



322 WILBUR HABRINOTON NORCROSS 

there is no detectable memory complication in reading the sheets. 
For convenience in reading, the sheets were cut into work strips 
of forty-five four-place numbers each, since a list of ninety 
niunbers is not easily handled on the work table. The totals 
in time and accuracy are, however, in the imits of the whole 
work-sheet with the single exception, section 2, page 358, where 
the fastest third is considered. In this case, the imit is the 
workstripy i.e., half the work sheet, having forty-five four-place 
numbers in it, on which imit the kymographic record was made. 

Since the ordinary work-table of the left side of the adding 
machine was unsuited to this test, a special one was provided. 
On a pair of upright rods, supported by heavy iron pedestals 
to keep them firm, a rectangular frame was placed aroimd the 
machine at the height of, and inclined to the same angle as, 
the keyboard, and extending 12 inches on each side of the same. 
Sheets of aluminum were fastened to this frame, fitted tightly 
on each side of the machine at the height and angle of the key- 
board. On these aluminmn sheets was fastened heavy card- 
board of neutral gray color, to prevent reflection. 

Around the machine was placed a screen covered with a dead 
black cloth so that no reflection from the sides of the room could 
reach the reactor. The keyboard and work-table were lighted 
by a 40-watt Mazda bulb, hanging immediately above the 
machine. Uniform conditions of lighting were thus maintained. 
The maximal speed of the adding machine was forty-five printing 
operations in thirty-one seconds. The machine was tested at 
irregular intervals throughout the coiu'se of the experiments and 
this speed was always maintained. 

Each reactor was given specific and uniform instructions, 
including illustrations of the manner of putting niunbers into the 
machine. Any question asked was fully answered before the 
work began, but no practice was allowed prior to the test. Each 
reactor was told that he would be graded for speed and acciuracy. 
No reactor was informed during the progress of the experiment 
as to his proficiency. A few of the reactors knew they had 
made errors, because they had seen that they had pressed the 
wrong digit button, but could not inhibit the movement to 
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press the print bar in time to prevent printing the error. The 
totals were taken by the experimenter, . the reactors doing the 
listing and printing only. By ''listing" is meant setting on the 
keyboard of the adding machine the nmnbers of the work sheets. 
The time was measured by a split-second stop-watch. 

The work strips were fastened to the cardboard cover of the 
work table on tlie side opposite to the hand which was to be 
practiced. The "idle" hand was used by the reactor to follow 
the items of the work strips. 

The first day's work for each reactor (the "preliminary tests") 
consisted of an equal number of sheets to be listed by each hand. 
The first training series was usually nine or ten one hour periods, 
distributed over about three weeks, and but one hand was used 
on the machine in this practice period. A "semi-final" test 
was then given to each hand and usually this semi-final test 
was followed by a practice period for the "idle" hand of the 
previous training period. The series then concluded with a 
"final" test of each hand. This scheme was varied in some 
instances which will be noted in the proper places. 

After the first day's work (the preliminary test), the work 
strips were started on a four-minute "head-way;" i.e., the second 
strip was started four minutes after the starting of the first, 
the third was started four minutes after the starting of the 
second, and so on; consequently, as the time required for each 
strip decreased, the lengths of the rest-periods increased. In 
some few cases, towards the close of the training the work periods 
were a little less than half the total time of the day's series. 

The work of the several reactors may be grouped as follows: 
A: Simple listing, by which we mean reading the nimibers 
from the work sheets and putting the numbers read into the 
machine. B : Ohservationj which means watching at close range 
other reactors working at simple listing under conditions described 
in section B. C: Auditory listing, when the reactors put into 
the machine numbers from the work sheets read to them by the 
«q)erimenter. D: Number reading training, when, imder con- 
dition detailed in section D, the reactors practiced reading the 
numbers of the work sheets but did not operate the machine. 
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E: Machine training, where reactors practiced on the machine 
but did not have work sheets. Detailed description of con- 
ditions of this group is given in section E. 

Section A. Simple listing. Six subjects, H., Sg., Lo., E., 
CL, Mc, worked at simple listing. Table 1 gives in condensed 
form the results of this work (Plates I-VI). 

TABLE 1 

Improvement in simple listing 

Semi-final tests 



H.. 
Sg. 
Lo. 
E.. 
CI. 
Mc 



PBB CKNT OF IMPBOTB- 

MBNT OF WORKING 

HAND 



R. 16 

R. 41 
R. 25 
R. 40 
R. 50 
R. 26 



PER CENT OF IMPROTB- 
If ENT OF IDLE BAND 



ORDER OF TEarnra hands 



L. 14 
L. 32 
L. 20 
L. 48 
L.29 
L. 26 



Preliminary Semi-final 



L. R. 
L. R. 
L. R. 
L. R. 
R. L. 
L. R. 



R. L. 
R. L. 
R. L. 
R. L. 
R.L. 
R. L. 





Final tests 




REACTORS 


PER CENT OF IMPROTB- 

If ENT OF WORKING 

HAND 


PER CENT OF IMPROVE- 
ilENT OF IDLE BAND 


COMPARISON* 


H 


L. 20 

Not completed 

L.5 

L. 16 
Not completed 

L. 13 


R.3 
Not completed 

R.2 

R. 10 
Not completed 

R. 7 


5* 


Sg 

Lo 


5* 

3t 


E 


t 


CI 




Mo 


5* 







* Number of days required by working hand following the semi-final test to 
equal record on semi-final test of hand previously working. 

t Unpracticed hand (L.) in semi-final test reached level requiring four days of 
practiced hand, and in three days reached level requiring eight days work of 
right hand to equal or surpass. 

t In two days the unpracticed hand (L.) reached level requiring practicing 
hand six days to reach. 

In every ease the unpracticed hand improved over its former 
test from 14 per cent (H.) to 48 per cent (E.). In two instances 
ihe percentage of improvement in the unpracticed hand exceeds 
that of the practiced hand (E.), (Mc). After this semi-final 
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test, four reactors continued the experiment, working the hand 
which was ''idle" during previous training test. The results 
of this training appear with positive evidence for improvement 
in both hands. The percentages of improvement for the "idle" 
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hand range from (Lo.) 2 per cent while the working hand gained 
5 per cent, to (E.) 10 per cent for the "idle" hand while the work- 
ing hand gained 16 per cent. The percentages indicate the 
decrease in the amoimt of time required to do a fixed amount 
of listing. 
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Section B. Observation with training in number reading. 
There are two major processes in simple listing on an adding 
machine; (a) reading the numbers and (b) putting the numbers 
into the machine. The first of these processes is a common 
factor in working either hand, and improvement in the ease and 
accuracy of reading the numbers may be the medium of apparent 



^f^\^ 
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^r\\H 
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Shiii 



MHH 



3 Kin. 



am 



\Mm 




transfer of training evidenced in the increase of speed shown 
by the semi-final trials of the impracticed hands. To test the 
practice value of the number-reading process, reactors Li., P., 
N.> Wm., We. and F. (Plates VII-XII), were each given the regu- 
lar preliminary test and then served as observers for periods as 
described below. 
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The ''observers'' were seated beside the operator near enough 
the work sheet to read the numbers acciu-ately and as rapidly 
as the operators. They were able also to observe the digit 
buttons as they were pressed by the operator. They were 
instructed to make note of any errors seen, and to report the 
same privately to the experimenter at the close of the period. 
A few errors were correctly reported by Wm., and P. N. and F. 
held in their hands a sensitive rubber bulb, connected by rubber 
tubing to a Marey tambour which controlled a stylus on a 
kymograph: and they were instructed to press the bulb gently 
when an error was noticed. The records show careful attention 
on the part of the observers and a high degree of acciu-acy as 
measured by the errors detected and recorded. It is possible 
that those observing did not attend to the reading of the numbers 
with the same degree of care as they would have exercised had 
they been operating the machine, but they did undoubtedly 
have considerable practice effect from the reading of the numbers. 
The sensitive bulb held in the hand to mark errors did not give 
any record on the kymograph which could be fairly interpreted 
as evidence of implicit practice of the fingers. 

Table 2 contains the number of hours of observation and the 
percentage gained in listing as shown by the semi-final test. 
In these cases there is a gain in speed ranging from 13 per cent 
(N., right) to 31 per cent (Wm., left). There must be taken 
into account, in appraising the value of these percentages of gain 
in speed, the order in which the hands were worked in the pre- 
liminary and semi-final tests. If the left hand is the first one 
worked in the preliminary test, then the right hand has the 
practice value of that period of working, and vice versa. If 
the hand working first in the preliminary test works last in 
the semi-final test (i.e., the order L. R., R. L.,) then that hand 
shares the advantage of the two practice periods of the other 
hand. Three of the six reactors worked in the order L. R., 
L. R., viz., reactor P., whose percentage of gain of each hand 
was practically the same, reactor Wm., whose left hand gained 
five per cent more than the right hand, and reactor We., whose 
right hand gained 8 per cent more than the left hand. The 
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cases working the order L. R., R. L., show the largest gain to 
have been made by the hand which worked first and last, sug- 
gesting the practice effect of the two working periods of the other 
hand as well as the preliminary period of its own. 



TABLE 2 



B&A.OTOBS 


BOUB8 


Pm CBlfT OAINBO 


OBOm or HANDS 




Bight hand 


UHhand 


PreHminary 




P 




9 
9 
10 
9 
6* 


30 
13 
24 
26 
22 
25 


30 
23 
25 
31 
14 
29 


L. R. 
L. R. 
L. R. 
L.R. 
L. R. 
L. R. 


L. R. 


N 


R. L. 


F 


R. L. 


Wm 


L. R. 


We 


L. R. 


Li 


R. L. 







* In aeven weeks. 



TABLES 



Total gain 

Gain by obaervation. 

Gain by work 

Gain by transfer 



Workiiic 
hapd 



47 
25 
22 



Idle hand 



45 
24 

21 



Wm. 



Workinc 



47 
26 
21 



Idlehand 



43 
31 

12 



We. 



Workilis 



38 
22 
16 



Idlehand 



36 
14 

22 



Total gain 

Gain by observation. 

Semi-final 

Intermediate 



N.« 



Left hand 



47 
23 

18 (working) 
6 (resting) 



Right hand 



40 
13 

19 (resting) 
9 (working) 



* Both hands were worked at simple listing after observation with semi-final, 
intermediate and final tests. 

Following the period of observation, four of those who had 
acted as observers continued the work in simple listing. The 
evidence of improvement to the "idle" hand in the results of 
their continued listing are seen in table 3. Reactors F., Wm., 
and We., worked only one hand after the period of observation 
and took the final test. Reactor N. worked each hand after the 

OOMPABATITB MTCBOLO«T, TOL. 1, NO. 4 
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observation period with intermediate and final tests. Table 3 
shows the comparative results of work and observation. 

The relative value of observation as compared with practice 
is shown in table 4, presenting total percentage of improvement, 
and percentage of improvement during observation. These 
percentages of improvement and total improvement are based 
on the preliminary tests and are therefore absolutely comparable. 
Wm., and We., did not practice the left hand at all, the per- 
centages of total improvements of the left hands of these two 
reactors being due to observation and practice of the right hands. 
The left hand received only the preliminary, semi-final and final 
tests. In every case, except N. (right hand), the amount of im- 
provement during observation exceeded the amoxmt of improve- 
ment following subsequent practice, indicating the value of the 
training in reading the numbers. 



TABLE 4 





Li 


Po. 


N. 


F. 


Wm. 


We. 




R. 

37 
25 


L. 

37 
29 


R. 

45 
30 


L. 

49 
30 


R. 

40 
13 


L. 

47 
23 


R. 

45 
24 


L. 

47 
25 


R. 

47 
26 


L. 

43 
31 


R. 

38 
22 


L. 


Percentage of total im- 
provement 


36 


Percentage of improve- 
ment by observation.. 


14 



The mean gain in percentages in simple listing shown by the 
semi-final tests is: For the working hand (R) 32| per cent; for 
the "idle" hand (L) 28J per cent. 

The mean gain in percentage by observation shown by semi- 
final tests is: For right hand 23+ per cent; for left hand 26f 
per cent. 

The mean percentages of gains of the right hand of six reactors 
working nine to ten days is only 9 J per cent more than the mean 
percentage of gains of the right hands of the six reactors who 
observed them those nine to ten days; and the mean percentages 
of the "idle" hands of these same six reactors working at simple 
listing is 1^ per cent more than the mean percentage of the gains 
of the left hands of the six reactors who acted as observers for 
those nine or ten periods of work. 
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Section C Auditory listing. To give the hand practice in 
putting into the machine the numbers, and at the same time not 
train the number-reading process, ireactors S., T., W., K. and 
C. (Plates XIII-XVII), after the regular preliminary tests, put 
the numbers into the machine as they were read to them by the 
experimenter. Care was taken not to read the numbers too rap- 
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idly, and also not to allow any rest between the numbers. The 
nile followed by the reader was to begin to read as soon as the 
print bar had been touched. The reactors were instructed to 
ask for a re-reading if the number was not clearly understood, 
and this was done in relatively few cases. Generally speaking, 
there was no difficiilty experienced in reading the numbers clearly 
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and with sufficient speed to keep the reactors working regu- 
larly. The results of this auditory training and of the regular 
semi-final and final tests appear in table 5. 
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In four out of the five auditory listing cases, the idle made 
greater gains in the semi-final tests than did the working hand, 
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regardless of hand and order of working of hand in preliminary 
or semi-final test. In no case did the practice in the regular 
method of working the machine following the auditory listing 
result in as rapid work as that done in the auditory listing. In 
simple listing, there are present several minor processes which 
are absent in the process of auditory listing: i.e., (a) keeping 
one's place on the work sheet; (b) turning one's head to read the 
numbers; (c) tiuning back again to see the keyboard; (d) carry- 
ing the numbers read, back to the machine, and (e) identifying 
the digits read and the proper buttons to be pressed. After 
practice of considerable lengtib, one may learn to read the entire 
number, i.e., the four digits, as a single group without. separating 
the group into its individual parts: and the process of putting 

TABLES 
Showing percentage gaine of auditory listing 



MMACTOWB 


KlTICBaB OF 

HODB8 
AUDITOBT 




OROBS OF WOBXXNO BAND 




Bicht hand 


Left band 


Preliminary 


Semi-final 


8 


8 

9 

9 
9 
9 


36* 
49* 
8* 
29 
20* 


47 

37 

12 

17* 

34 


L. R. 
R. L. 
R. L. 
R. L. 
L. R. 


R. L. 


T 


R. L. 


W 


R. L. 


K 


R. L. 


C 


R. L. 







* Indicates hand working during auditory listing. 

those digits in the group into the machine may become a ''group 
movement:" that is to say, while it will always require the press- 
ing of the v^ous buttons, the attention is given to the whole 
set of necessary movements as one movement. It is as if the 
numbers at first were read and listed 1-4-7-3, but after consider- 
able practice, the reactor learns to read the nmnbers 1473, and 
his impulse to list them is one impulse for the four digits as of 
one number, 1473. This is a more marked characteristic of 
some reactors than of others. The reading of the niunbers at 
first requires at least two or more glances. Reactor Pe. read 
the numbers as groups of digits and listed them as groups. The 
number 1473 was read and listed 14-73, requiring two glances 
and two distinct operations. It is true that Pe. was more inclined 
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to this method than any other reactor, and yet it was character- 
istic of all the reactors in the beginning, with the exception of 
Lo., who had used the machine for a few hours some months 
prior to taking the preliminary test. Toward the end of the 
series, every reactor learned to read the number at one glance, 
only occasionally taking the second glance. The process of 
reading separate and individual digits became a process of 
reading a unified group of digits. It is probable that the process 
of Ustmg is not so perfectly imified, because the practice periods 
did not extend over a sufficient time. Statements of the reactors 
would indicate that the listing was not a perfect ^'group move- 
ment," and the experimenter, who gave close observation to 
the work throughout, is of the opinion that even the best reactors 
did not attain more than partial unification of four-place listing. 
This was m^e evident by the arhythmic listing and by the 
frequent pauses and periods of confusion. In auditory Usting, 
the process is simpler, for the elements noted above (a), (b), 
(c) and (d) are not present. Attention is not diverted from 
the keyboard. As soon as individual digits are heard, they are 
put into the machine, and after some practice, it is not imcom- 
mon for a reactor to have listed the third digit in a four-place 
number by the time the last digit of the number is read, i.e., 
the reactor is listing only one digit behind the reader. In a 
limited period of practice, therefore, better time can be made 
in auditory listing than in simple listing, if the reader is clear 
voiced and reads with adequate speed. 

It is possible that the interference between auditory listing 
and simple listing accounts for the fact that in every case but 
one, the idle hand during the auditory listing made better per- 
centage of gain at the semi-final test than did the working hand 
of the training series. 

Following the auditory listing and semi-final test, practice 
in sunple listing was given to the idle hand of the auditory series, 
with tlie results set forth in table 6, in which the percentage of 
gain is calculated upon the basis of the time of the preliminary 
tests. 
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The percentage of gain of the idle hand in the simple listing 
process is less than that made by the practiced hand in three 
out of five cases, equals it in one case, and surpasses it in one 
case. In all cases, the idle hand makes improvement ranging 
from 4 per cent (T., having only two hours practice) to 24 per 
cent, (W.). The gains of the practiced hand were from 4 per 
cent (reactor T., two hours) to 16 per cent, reactor W. 

Section D. Number reading without machine practice. To 
discover, if possible, the avenue of the so-called transfer, two 
reactors, R., and Ir. (Plates XVIII and XIX), were given the 
regular preliminary tests, and then, sitting at the machine, right 
hand on the work sheet to hold the place in the column of num- 
bers, in the regular position for working, they were directed to 
read each four-place number on the work sheet, looking at the 

TABLES 



RBAOrOBS 


HOUBSOr 
WORK 


PBB CBMT OAINSD 


OROBB or WOBKIKO HAND 




Practiced hand 


Idle hand 


Preliminary 


Final 


s 


9 
2 
9 
6 
9 


13 L. 
4L. 
16 L. 
12 R. 
15 L. 


11 R. 

4R. 
24 R. 
10 L. 

8R. 


L. R. 
R,L. 
R. L. 
R. L. 
L. R. 


Lr. 


T 


L. R. 


w 


L. R. 


K 


R. L. 


C 


L. R. 







keyboard to identify each number without touching the buttons. 
This gave practice to the visual processes in the performance of 
the regular work of the machine, but gave no manual or digital 
practice. The regular number of sheets was done each day and 
timed as usual. It was, of course, impossible in this phase of the 
work, to check for accuracy. The reactors worked very faithfully 
and diligently, and the experimenter is of the opinion that the 
visual processes were used in this training series fully as much 
as in the regular operation of the machine. Each of the reactors 
used the lips in reading the numbers throughout the entire test, 
and in this training course, they seemed to accompany the 
recognition and location of the appropriate digit buttons with 
a characteristic nod of the head. The semi-final test in simple 
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listing followed this course of training in number reading. Table 
7 shows the results of this training. 

The practice in reading the numbers and locating th^n on 
the keyboard resulted in gains to both hands with both reactors. 
The hand which worked first in the preliminary and last in the 
semi-final tests, in both cases the right hand, made greater gains. 

Following this number reading training, the reactors took a 
final practice series in simple listing, the right hand working 
in each case, the results of which are given in table 8, percentages 
in which are based on preliminary time records, not on semi- 
final record. In both cases, there was improvement in both 
hands, the idle as well as the practiced hands. 



TABLE 7 



RBACTOI10 


HOUB8 or IfUlf- 
BEH RKADINO 


GAIN 


ORDER or WORKING BAND 




Richt hand 


Left hand 


Preliminary 


Semi-flnal 


R 


8 

9 


31 
31 


18 
23 


R.L. 
R. L. 


L. R. 


Ir 


L.R. 







TABLES 



REACTORS 


HOCRR WORKED 


GAIN 


ORDER or WORKING HAND 




Practiced hand 


Idle hand 


Semi-final 


Final 


R 


9 
7 


11 
17 


12 
11 


L. R. 
L. R. 


L. R. 


Ir 


L. R. 







Section E. Working machine without 'Vork sheets." Three 
reactors, A., Pi., and Pe. (Plates XX-XXII), after the regular 
preliminary tests with both hands, were worked on the machine 
putting four-place numbers into the machine without "work 
sheets" from which to read. The instructions were (1) to use 
any number they could think of; (2) varying the digits as much 
as possible; (3) covering the entire working keyboard, (4) always 
deciding upon the entire number before pressing any buttons, 
and (5) using no zero in the units column. The reactors worked 
diligently and conscientiously. There was, of course, no chance 
to check their work as to all points on which instruction was 
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given, but the numbers were well scattered as to selection, and 
as varied as could be expected. After this series of practice 
periods, working the machme without work sheets to be read, 
the semi-final tests in simple listmg were made, yielding the 
results showed in table 9. Gain was made by both hands of 
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every reactor. For reactor A., the gain of the practice hand 
was nearly four times as great as that made by the "idle hand;" 
for Pi., and Pe., the gains made by the idle hands were greater 
than the gains made by the practiced hand. The order in which 
the hands were worked in the preliminary and semi-final tests 
has significance in the understanding of these figures. For 
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reactor A., the order of working the hands was R. L., L. R. 
The right hand, being first in the preliminary test, made the 
poorest record, as would be expected. The left hand presum- 
ably shared some of the benefits of the right hand working in 
the preliminary test, and made a better record than the right 
hand. Following the working of the right hand on the machine 
without work sheets, the left hand was the first to work in the 
semi-final test, working on a test comparatively new. The 
right hand then followed, benefited by the practice of the left 
hand in the semi-finals, and made a better record than any 

TABLE 9 





HOURS WORKED 


PBR CKNT OAINBD 




BEACTOB8 


By practiced 


By idle hand 


Preliminary 


Semi-final 


A 


9 

10 

9 


R. 24 
R. 12 

R. 13 


L. 61 
L. 17 
L. 17 


R. L. 
L. R. 
R. L. 


L. R. 


Pi 


R. L. 


Pe 


R. L. 







TABLE 10 
Showing restdt of straight listing after **in€u:hine mthotU sheets^* work 





HOURS 
WORKKD 


PBH CRNT OAINEO 


OBDBB or WORKING HAND 


BEACTOB8 


BygnMjiced 


By idle hand 


Semi-final 


Finals 


A 


8 

8 
9 


R. 17 
R. 18 
R. 20 


L. 20 
L. 9 
L. 22 


L. R. 
R. L. 
R. L. 


R. L. 


Pi 


R. L. 


Pe 


R. L. 







Percentage calculated on records of preliminary tests. 

in the preliminary or semi-final. Such was not the order of work- 
ing the hands with reactors Pi., and Pe., and there is no corre- 
sponding gain. The idle hand of the training series was worked 
last in the semi-finals, and made larger gains than the hand 
working first in the semi-finals. 

After this work on the machine without work-sheets, the 
reactors continued at simple listing, the results of which are 
shown in table 10. The idle hand gained more than the prac- 
ticed hand in reactors A., and Pe., and less than the practiced 
hand with reactor Pi. 
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Section F. Observation without training in number reading. 
One reactor, Wl. (Plate XXIII), after the regular preliminary 
tests, acted as observer to Pi., in the work without work sheets, 
and consequently did not receive the benefits of training in read- 
ing the numbers as did the others who acted as observers.' After 
the semi-finals, Wl., worked at straight listing. Table 11 gives 
a statement of the results. 

Following the period of observation, Wl., worked at simple 
listing and adhered to a system of fingering which he had planned 
while watching Pi. work. At the very first, the subject experi- 
enced no little diflSculty with this system, but held to it tena- 

TABLE n 
Showing restUls of work of reactor W. L. 





KUMBBB oy 
HOUBA 


PEB CENT GAINED 


OBOBB or WOBKINQ 
BAND 


MWi^tHtiD 


By right 
band 


By left hand 


Preliminary 


Semi-finals 


Observation 


10 

9 


14 
33* 


3 
261 


R. L. 


L. R. 








Semi-finals 


Finals 


Simple listing 


L. R. 


L. R. 







♦Working, 
t Idle. 

ciously, and this doubtless accounts in part for the small per- 
centage of gain made by the left hand in the semi-final test. 
This same system of fingering was maintained by the right hand 
in all subsequent practice. The gain of 25 per cent made by 
the idle hand; following a practice period which netted a gain 
of 33 per cent to the hand which practiced, is about the same as 
the improvements made by the other reactors. The small per- 
centage of gam (3 per cent) following observations without 
reading work sheets, compared with gains made by reactors 
listed in the semi-finals of section B, suggests the value of number- 
reading training. 

' See Section B. 
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III. RlteUM^ AND DISCUSSION OF DATA 

1. In every case of simple listing, there is improvement of 
the idle hand. 

2. In every case of observation, there is improvement of 
both hands: and when followed by simple listing, there is improve- 
ment of the idle hand as well as of the practiced hand. 

3. In every case of auditory listing, there is improvement of 
both hands, as shown by the semi-final test and specially of 
the hand which was idle in the auditory series. When followed 
by simple listing, the idle hand made improvements in the 
final tests. 

4. The reactors reading the numbers without working the 
machine showed improvement in both hands in the semi-final 
tests, and in subsequent simple listing, the idle hand showed 
marked improvement in the final tests. 

5. In the cases of reactors using the machine without work- 
sheets, the idle hand as well as the hand which worked showed 
improvement in the semi-final tests; and in the subsequent 
simple listing, both the practiced hand and the idle hand showed 
improvement in the final tests. 

Every case, therefore, presents positive evidence of "bilateral 
transfer of training.'' 

What is the explanation of this bilateral transfer of improve- 
ment? The following points may well be considered in answer 
to this question. 

1. The emotional factor is probably responsible in part. The 
anxious, nervous attitude of the preliminary testuig has given 
way to a definite "set" for record, and hence in the semi-final 
tests, better control of motor reaction is maintained. 

2. General habits and conditions may have improved, e.g., 
more concentrated effort, greater ability to resist distracting 
factors, and less bodily fatigue. 

3. Is the transfer in part due to the fact that a motor impulse 
from the "higher centers" leading to set reactions with one hand, 
has acquired influence on the other hand? (Wissler and Richard- 
son (32), Davis (6)). The group practiced on the "machine 



Digitized by 



Google 



BXPEMMBNTS ON TRANSFER OP TRAINING 349 

without work sheets" (section E) should give evidence on this 
pomt. Here the trainmg was directly on hand manipulation, 
phis the learning of the keyboard. The average of percentages 
of improvement to the idle hands of the reactors in this series 
of training, evidenced at the semi-finals, was 13f per cent. 
This group was trained on all the processes of simple listing 
except one, viz., the number-reading habit. They were dii^cted 
to have in mind a definite number, and then put that number 
into the machine, and their statements are to the effect that the 
directions were followed. After the semi-final tests, simple 
listing was done by the hands which worked in the previous 
training series, resulting in improvement of 18 per cent as against 
16J per cent for the same hands in the semi-finals, but the idle 
hands in this last series made average gain* of 16f per cent, 
contrasting with the gain of 13f per cent in the training series. 
This suggests that the training in the niunber reading habit 
leads to greater improv^nent with the idle hand than comes to 
the idle hand through practicing the other hand in working the 
machine, which is true also of the practiced hand. 

4. Evidence that the influence of the "number reading" habit 
in improvement to the idle hand is even greater than hand train- 
ing, is to be foimd in the record of the group who were trained 
in "nimiber reading without machine" (section D). The average 
improvement of the reactors in this group, based on the records 
of the semi-finals, is for each hand (since neither hand was 
worked) 31 per cent R., and 20J per cent L.: average of both 
hands of all subjects being 25| per cent. Following the semi- 
finals, the reactors worked at simple listing, R., nine hours, 
and Ir. seven hours. At the finals, these reactors showed average 
gains to the working hands of 14 per cent, to the idle hands 11 J 
per cent. Comparing these averages with those made by group 
E shows this fact: while in group E greater average improvement 
is made in the training course following the semi-finals, where 
number reading as well as hand manipulation was present, than 
was made in the training preliminary to the semi-finals where 
number reading was not present; in group D the greater average 
improvement was made at the semi-final following a training 
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course where number-reading was present in the training, though 
hand manipulation was absent, than was made in the finals, 
following a training course where both niunber reading and hand 
manipulation were present as elements in the task. The reactors 
trained in number reading without manipulation of the machine 
appear able to make better records when put to simple listing 
than reactors trained to manipulate the machine without nimiber 
reading. 

In considering the records of group B, observers who were 
so placed that they could read the work sheets and hence were 
trained in number reading'and were able also to learn the key- 
board and whose instructions were such that they would be 
led to identify the numbers of the work sheets with the digit 
buttons on the keyboard (section B), we find average of improve- 
ment at the semi-finals almost equal to the records of group D, 
viz., R., 23| per cent, L., 25| per cent, average of both hands 
of all subjects 24^ per cent. 

The average gain of the practiced hands in the simple listing 
following the semi-finals was 18 per cent, while the idle hand 
during this simple listing made average improvement of 17 per 
cent. 

5. The reactors who were given auditory training (section C) 
made at the semi-finals an average improvement to the idle 
hand of 31^ per cent; better percentage of improv^nent than 
that made by any other group, including those on simple listing. 
One reason that may be offered for this high percentage of 
improvement is the influence of the ^'urge" to sp^d due to the 
"pressure" of the reader. There is no time wasted between 
number listing in the auditory training and the habit of con- 
tinuous working was apparent when change was made to simple 
listing at the semi-finals. Furthermore, while auditory training 
did not include visual perception of numbers or number reading, 
there was given training in niunber grouping and aural number 
perception and spatial location of number groups with reference 
to the keyboard. There was some increase in the time records 
at the semi-finals, and the simple listing following the semi- 
finals never reached as low a time record as that reached by 
auditory listing, but no subject trained in auditory listing noticed 
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any particular interference between the habit of auditory percep- 
tion of numbers and visual perception of numbers, though all 
thought simple listing was slower than auditory listing. 

IV. ERRORS 

Each subject was told at the beginning of his work that he 
would be graded for speed and accuracy in evaluating his work. 
With one exception, however, each subject seemed to place more 
emphasis on the attainment of speed than on accuracy, and 
even when attention was called to the prevalence of errors, no 
apparent difference was noted. 

There were nine kinds of errors made by the various subjects 
throughout the entire course of work. 

a. Wrong digit, e.g., 5972 written for 6972. 

6. Interchanging two digits, e.g., 3764 written for 3746. 

c. Interchanging three digits, e.g., 3674 written for 3746. 

d. Where wrong row of keyboard was used, e.g., 6606 written 
for 7707. 

e. Omitting one digit. 

/. Omitting an entire number. 

g. Getting ^^out of bounds,'' i.e., not usmg the columns of 
digits prescribed for use but a column to the left or right of such 
prescribed columns. 

h. Putting in some numbers not on the work sheet (occurred 
onetime). 

i. Repeating a number. 

For drawing the error curve (on the sheet with the learning 
curve), it was advisable, if possible, to reduce these various 
errors to a common factor, and while the scheme used does not 
pretend to be perfect, it is the one appearing most available. 
All the errors listed above were reduced to terms of "a" excepting 
''f " and '%*' which were held as equal and as of the same character. 

In the scheme, then, b equals two a's; c equals three a's; 
d equals four a's; e equals one a; g equals one a; h equals four a's. 
The error curves are plotted accordingly, allowing one square 
for each a. Where fa and i's appear, the number are expressed 
in terms otfs. 
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Causes of errors 

The main cause of the inaccuracy in the work appears to be 
the desire to acquire and maintain speed. Hence, when the 
wrong digit was put in the machine, the power to inhibit the 
movement to press the print bar and to correct the mistake was 
frequently lacking, because of the compulsion of the ''set for 
speed." Irrespective of speed, it was no difficult task to lose 
one's place on the work sheet, which accounts for the/s and t's. 
Why there should be any interchanging of digits, e.g., 6's and 
c's, is a more complicated question. There is a tendency to 
group the digit pressing: e.g., 1928 is frequently written by 
pressing the digit of the thousands column 1, next the digit of 
the tens colimm 2, both at the bottom of the keyboard, and 
then 9 and 8 which are at the top of the keyboard. (This is 
the usual bank clerk's method.) In this manner of working 
the keyboard, may be found in part the reason for b's and c's. 
Failing to see the nimiber as a imit group and reading it as a 
group of units without stressing the order of the imits is also 
partly responsible for b's and c's. 

Errors d, e and g were undoubtedly due largely to the impulse 
for speed, d and g being very rare and e occurring at times when 
the button for the proper digit had been pressed before the 
printing of the previous number was fully completed, and the 
button pressed by the reactor was released by the printing oper- 
ation, without the knowledge of the reactor. This error is not 
really so chargeable to the reactor as it is due to the lack of speed 
of the machine. Accurate work was relatively rare. 

In estimating the accuracy of the work of each sheet, the same 
scheme was followed as was used in plotting the error curves. 
Since each day had from four to six sheets, there are, as the 
largest number of grades of accuracy for each day, foiu* to six 
according to the niunber of sheets used. If every sheet were 
accmute the minimum nimiber of grades of accuracy would be 
one. (All the sheets were graded for relative accuracy by days 
and were compared with the speed grades of the same ^eets.) 
The sheets of each day's work were graded for speed by the day. 
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It is obvious that the greatest number of speed grades would 
be six and the smallest niunber would be one for each day's work. 
The relative speed and accuracy grades are for each particular 
day's work and not Intercomparable. Grade 'T' in speed 
means that such a sheet was done as rapidly as, or more rapidly 
than, any other or all other sheets for that day, and grade "1" 
in accuracy means that such a sheet was as accurate as, or more 
nearly accurate than, any or all other sheets done that day. 
Accuracy grades, therefore, are relative for each day, and are 
not based on absolute accuracy as a standard. 

TABLE 12 









XXItATXTB AOCUBAOT 






SPBXD GBADSS 














1 


2 


3 


4 


s 


6 


1 


184 


• 78 


31 


41 


12 





2 


121 


106 


73 


39 


11 


4 


3 


131 


105 


67 


39 


9 


3 


4 


114 


103 


44 


35 


15 


1 


5 


d8 


74 


67 


27 


11 


1 


6 


45 


46 


44 


22 


4 


1 





TABLE 13 
Summary of speed and accuracy scores. 


Totai of SIB days 


BHIBT 


MO«T AOCURXra 




Fastest 


184 
103 


82 


Slowest 


75 







Table 12 presents the totals, the columns marked ''S" indi- 
cating the relative speed grades for the day's work, and columns 
marked '^A" indicating the relative accuracy for the same sheets. 
From this table, it is apparent that 184 received first grade in 
accuracy and speed for their individual days: the highest score 
made in comparative speed and accuracy. The sheets having 
the highest speed grades, i.e., which were the slowest done, 
included also the smallest number graded accuracy first grade. 
That is to say, the slowest sheets included the smallest number 
receiving the most accurate grade. 
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Table 13 is based .on the work of 312 days on which but one 
hand, eiiher right or left, was worked, and the same amount of 
work was done by each hand with the exception that one day 
one subject was able to do only five instead of six sheets. While 
no sheet graded "1" in speed was graded "6" in accuracy accord- 
ing to the preceding table, this does not mean that at no time 
was the fastest sheet of the day the most inaccurate, since it was 
relatively rare to have six grades of accuracy in a day's work. 
Only ten times in a total of 1871 sheets, requiring 312 days, did 
this occur. But, while the fastest sheet was scored 184 times 
as having the highest grade of accuracy, it was scored 82 times 
as having the lowest score of accuracy, and the slowest sheet 
actually was the most accurate 103 times. The fastest sheets 
were most inaccurate 82 times and the slowest sheets most 
inaccxu^ate 75 times. The apparent but not real discrepancy 
in the table is due to the fact that many times in the work of 
the various days there were ties in the accuracy and speed 
scores. Particularly was this true with reactor H., who cared 
more for accuracy than for speed, and made by far the least 
number of errors. 

A comparison of the errors made in the succeeding days' work 
reveals this fact: increase of speed is accompanied with a slight 
improvement in accuracy in the work of thirteen reactors; five 
reactors tend to increase in inaccuracy as speed increases; ihe 
error curves of five reactors are fairly level. The percentage 
of improvement in accxu^acy in the thirteen cases cited above, 
however, is very much less than the percentage of improvement 
in speed. 

If we take the error record of the first day's work of each 
reactor, and compare it with the error record of the last day's 
work of each reactor, the following facts appear: twelve reactors 
made fewer errors on their last day than on their first day; eleven 
reactors made more errors on that last day's work than on their 
first day's work. In the aggr^ate there were made on the first 
day's work 209 a's and 23 /'s, and on the last day's work, 233 
a's and 72 fs. The diflSculty of keeping the proper place on the 
work sheet is made apparent in this increase in the errors marked 
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/, nineteen out of twenty-three reactors having made this kind 
of error at least once on their last day of work. 

It is clear that special eflEort to attain speed results in increased 
inaccuracy with eleven out of twenty-three reactors, working 
on the adding machine, and absolute accuracy was realized by 
none of the reactors. Though in the instructions, emphasis 
was laid as much upon accuracy as upon the speed, the increase 
in speed was much greater than the increase in accuracy. Wells 
(30) concludes that when attention is aimed at excessive speed 
in typewriting, more errors occur: and likewise, with extreme 
carefulness, errors increase: but there appears to be a general 
positive correlation between speed and accuracy. 

Thomdike (24) finds that the slowest reactors working in 
addition make more errors than reactors who are most rapid. 
''The same individual may lose in precision by increasing his 
speed (though he will not always do so), but the sort of individual 
who is rapid, will tend to be accurate also." Woodworth (33), 
in relating speed to acciu-acy, thinks there is a lower limit beyond 
which decrease in speed does not conduce to accuracy in volim- 
tary movements, and at the upper end, there is a limit beyond 
which increase in speed does not produce further increase in 
inaccuracy. The analysis of the data of this investigation agrees 
with these general conclusions.* 

By averaging the time records and the error records of each 
reactor's work, and appljdng the Spearman method of rank, 
the correlation of grades of speed and accuracy is 0.1147 (18). 

Optimal phase 

1. Distribution of sheets according to speed in each day's 
work. In grouping the work on the basis of relative speed for 
the sheets of each day's work, the preliminary, semi-final and 
final tests were eliminated because on these days (a) only four 
sheets were used, and (b) both hands were practiced on the 
machine. Consequently, table 14 presents data of those days' 

* For absence of correlation of speed and accuracy, see also Thomdike and 
Woodworth (25). 
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work, with one hand, on which six sheets were worked, with the 
exception of E., who, on one day, worked only five sheets. Each 
sheet in each day's work was graded for speed for that day, 
according to the time in which it was done. Since there were 
six sheets for each day, there may be six speed grades for that 
day, or less than six speed grades, if the time required for any 
of the sheets tied. The fastest speed is graded "1," which means 
as fast as, or faster than, any other for that day. Succeeding 
digits represent grades of decreased speed. 

The first sheet worked was the fastest the next to the least 
nimiber of times. It was ihe slowest the greatest number 
of times. The last sheet was the fastest the greatest nimiber 
of times, and the slowest the least number of times. 







TABLE 14 














spno 


ORXDSS 








SHBBT 












TOTAL 




1 


3 


8 


4 


6 


6 




1 


52 


51 


50 


63 


72 


62 


350 


2 


61 


58 


78 


74 


56 


23 


350 


8 


44 


60 


91 


74 


55 


26 


350 


4 


72 


75 


74 


44 


52 


33 


350 


5 


72 


94 


58 


54 


49 


23 


350 


6 


97 


65 


63 


59 


45 


20 


349 


Total in each speed grade. . . 


398 


403 


414 


868 


329 


187 





Because of ties, 62 in the sixth grade does not represent all 
of the first sheets that were actually the slowest of the day's 
run, for actually 110 times the first sheet took the longest time 
of 350 days; and for the same reason, 20 does not count all the 
"sixth" sheets that actually took the longest time of the day 
on which they were done, that number actually being 44. It 
is obvious that if two sheets of one day's work were done in 
the same time, they would tie for a speed grade. Such ties make 
the number of speed grades more or less than the number of 
sheets used. 

If we group the sheets in respect to speed in two classes, the 
fastest and the slowest, and include in the fastest the sheets 
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which received speed grades 1, 2, 3, and include in the slowest 
the sheets which received speed grades 4, 5, 6, the distribution 
of the sheets in these two speed grades totals as in table 15. 

From this it is apparent that the tendency for greatest speed 
is found toward the end of the hour's work rather than at its 
b^inning. This tendency was noted by Swift (22), who found 
that a 'Vanning up process" was usually necessary, and conse- 
quently, the best scores as a rule were not the first scores of a 
day's series. Commonly, when the score was low enough to 
eliminate the effect of fatigue, the one or more high scores after 
the "warming up" period were followed by poorer scores, which 
again yielded to higher scores toward the end of the series. 
Book (3), in analyzing the drum records of typewriting practice, 
finds that for the middle or last part of the writing of almost 

TABLE Ifi 



SHBIT 


8PBID ORXDBS 


TOTAL 




1 


2 


3 


4 


6 


6 




Fastest 


163 

197 


197 
153 


195 
154 


221 
129 


224 
126 


225 
125 


1215 


Slowest 


884 







every test, strokes come closer together on the records: while 
daily releaming and warming up were usually present, still, 
the first and last minutes were most productive. 

2. Spurts. Marked variation in the speeds of operation of 
the machine in simple listing of separate sheets was apparent. 
Initial spurts, medial spurts and final spurts, occurred in the 
work of all reactors. Accurate account of these variations in 
speed was taken in the cases of the following reactors: E., F., 
Li., Mc, N., P. A time record in seconds, on a motor-driven 
kymograph, was made by ^e Johns Hopkins' Psychological 
Laboratory pendulum. TTte print-bar operations, marking the 
completion of the listing of one four-place number were registered 
on a kymograph's drum by an electro-magnetic marker. The 
electro magnet was in circuit with a simple contact attachment 
fastened to the under sidfe of the print bar. When the print 
bar was pressed down to print the numbers, the circuit was 
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broken and the stylus made its record on the kymograph, on a 
line parallel to the line, and separated from it by about one- 
fourth of an inch. The work-unit in this part of the test was 
the work strip, i.e., forty-five foiu*-place niunbers (see page 322). 
It was thus simply a matter of counting the seconds required 
to list the first, second and last thirds of the work strip. Each 
day's work consisted of six work sheets, i.e., twelve work strips. 
Time was counted from the word "go" to the last print bar 
impression. In table 16, the figures at the head of the colimm 
represent the order of diu*ations of the thirds of each strip, e.g., 

TABLE 16 





£. 


Fi. 


Li. 


Mo. 


N. 


P. 


TOTAL 


1 <2<3 


22 


26 


5 


30 


36 


35 


154 


1 <3<2 


22 


27 


7 


37 


31 


21 


145 


2 <1 <3 


9 


17 


2 


25 


20 


19 


92 


2<3<1 


5 


9 


1 


16 


18 


7 


55 


3<1 <2 


8 


9 


• 3 


17 


27 


8 


72 


3<2<1 


3 


7 


2 


10 


17 


12 


51 


1 =2 <3 


6 


7 


1 


11 


16 


6 


47 


1 =3 <2 


5 


2 





6 


16 


6 


35 


2<1 = 3 


4 


5 





4 


5 


6 


24 


1<2 = 3 


7 


5 


4 


9 


17 


1 


53 


2 = 3<1 


2 


4 





5 


12 





23 


3<1 =2, 


1 


2 


2 


3 


9 


1 


18 


1=2 = 3 





1 








4 


1 


6 


Total 


94 


121 


27 


172 


228 


133 


* 775 







1 < 2 < 3 mean that the first third was the fastest third of ihe 
strip, and the last third was the slowest third; the other con- 
ventional signs are easily understood. The numbers in each 
column represent the number of times the rank order of thirds 
signified by the signs at the head of the columns occurred in the 
work of the various reactors. 

Table 16 shows that the first third of the work strip was faster 
than the second and third thirds 352 tunes out of 775 work 
strips, clearly indicating the presence of initial spurts. The 
second third is faster than the first and third thirds 171 times, 
and the third third is faster than the first and second thirds 
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141 times out of 775 work strips. The first third is faster than 
the second third 459 times, ties the second third 71 times, and is 
slower than the second third 245 times out of a total of 775 
strips. The first is faster than the last third 491 times, ties the 
last third 65 times, and is slower than the last third 219 times 
out of 775 strips. The second third is faster than the last third 
372 l&nes, ties the last third 82 times, and is slower than the 
last third 321 times out of 775 strips. The evident conclusion 
is that the fastest speed is reached in the initial third of the 
work-units of the period, and the tendency to slow down persists 
through the entire work-unit, though in many cases, the medial 
and final spurts are present. This agrees with Wells (29) in 
his findings in the tapping test, and likewise with Chapman (4) 
in his investigation in addition, and with the results of the study 
on making hand-movements by Leuba and Hyde (13). 

Comparing these results with the results of section 1 (supra), 
the following conclusions are warranted: 1. When the work of 
a period consists of an equal number of similar units, there is a 
tendency to perform the imits toward the close of the period 
more rapidly than at the beginning of the period; 2. There is 
a tendency to perform the initial thirds of these individual 
units of the work more rapidly than the second and last thirds, 
the speed decreasing toward the close of the unit, though medial 
and final spurts are present. 

The learning curve 

Each large square on the base line of the curves signifies 
one day's work. The smaller squares indicate the separate 
sheets done on each day. The vertical line is the time line, 
each small square signifying five seconds. On the base line 
also the error curve is plotted according to the scheme detailed 
on page 351. 

The learning curves are discontinuous, the breaks in the lines 
occurring when a change is made (a) from one hand to the 
other, or (b) from a special kind of training to simple listing. 
The letters "R" and "L" stand at the beginning of the curves 
for the right and left hands respectively. 
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One characteristic of all the curves is the rapidity of descent 
for the first day's work, irrespective of the order of working the 
hands. The improvement of the first day is frequently much 
more than the total improvement of all succeeding days. After 
the first day's work, the curve has a very gradual descent. 

Considerable irregularity in the records of the individual sheets 
for the individual days is apparent. Since the time for the sheets 
was measiu^ in minutes and seconds, relatively slight variations 
of absolute time, e.g., fifteen seconds, would make considerable 
deviation in the curve. The general trend of succeeding days 
is downward in spite of apparent irregularity of the curve of 
the individual days. ^ 

Evidence for "plateaus" is not very strong. In the cases of 
twelve reactors, very sUght suggestions of leveling occur, lasting 
only three to four days, except with reactor N., when the last 
seven days' work was fairly on a time level. Reactor P., in 
the last two days' work, actually registered a loss in speed. 

The practice period, in most cases being from nine to ten 
hours, was not long enough to reach a definite level of attain- 
ment which would require special effort to surpass. Reactors 
N., and P., whose practice included many more hoiu^ than the 
usual amount of work, did reach such levels. 

Reactors at the beginning of a period occasionally reported 
headache, cold, etc., but such conditions did not seem to affect 
the speed records of that day. For example, H., did not sleep 
well the night preceding his eighteenth day, because of conditions 
in the boarding house, and had a headache on that day; but 
his work for that day did not seem to have been affected thereby 
when compared with the previous and following dayB. 

GENERAL OBSERVATIONS 

1. The reactors showed a noticeable degree of nervousness, 
exception Lo., who had had considerable e3q)erience in laboratory 
experiments prior to serving as a reactor in this experiment. 
This nervousness was greatly reduced by the end of the first 
day's work, and rarely increased thereafter. The change from 
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a training course to the semi-final test in sections B., C, D. 
and E. aroused to a small degree an element of nervousness 
which disappeared before the end of the day's work. 

2. Each reactor began the work of simple listing by reading 
the numbers, with marked lip movements, some even audibly 
pronouncing the words. Lo. stopped this practice by the end 
of the first day's work, showing rare recurrences of the same. 
With the other reactors, it persisted to varying lengths, continu- 
ing throughout the work with reactors Pe., Ir., K., H. and Wl. 
Coincident with the change in lip movements in reading the 
numbers, there appeared the practice of reading the entire 
number at one glance. This habit was developed quite fully 
by all reactors except Mc, who regularly took the second glance 
to complete the reading of the numbers. 

3. Each reactor, excepting Lo., used the forefinger to press 
the digit buttons on the first day of the work, Lo. using several 
fingers from the beginning. In every case except two, F. and 
H., the progress of the work was accompanied by learning to 
use two or more fingers, one reactor, C, using the thumb and 
all the fingers in a regular manner before the close of the practice 
period. F. and H. never used any finger other than the fore- 
finger. The adoption of new fingering habits was concomitant 
with marked slowing of work in the cases of We. and W., in their 
semifinals, who had devised their own system of fingering while 
observing. Less noticeable results accomp^iied the habit of 
using more than one finger with the other reactors. 

4. Reactors are not good judges of the speed of their work; 
frequently reactors would say that they felt they were not making 
as good speed on particular sheets as they had made on previous 
sheets of the day or the previous da3rs. In most cases where 
such comments were made, the reactor was mistaken. Specu- 
lations about speed attainments were discouraged, but when 
they were made, they were almost invariably wrong, even 
though they seemed to be sincerely offered, and not for the purpose 
of learning about the speed record. 
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A ROTATOR FOR VESTIBULAR AND ORGANIC 
STIMULATION 

KNIGHT DUNLAP 

The Johns Hopkins University, Baltimore, Maryland 

This rotator was designed to carry a specially constructed 
chair seat for rotating human reactors in seated position, or a 
platform for human reactors in reclining positions, or smaller 
platforms for animals. The cut shows merely the rotator, 
without chair or platform. 

A heavy cast iron frame, 20 inches high by 12 inches wide, 
mounted on a substantial cast iron base, supports a vertical 
mainshaft 1 inch in diameter, turning on heavy adjustable ball 
bearings, and carrying on the upper end a cast iron disc (T), 10 
inches in diameter, to which chair seat and platforms are attach- 
able by bolts. A worm wheel (W) with 30 teeth and a set of 
electro magnets (C), bolted together to form a single unit, are 
journaled on the vertical mainshaft, and revolve freely on it. 
A one-half horse power shunt-wound motor, 110 volts direct 
current, 1150 revolutions per minute, (Af), mounted on the 
base, is belted to a cross-shaft journaled on the main frame, 
and carries on both ends flywheels (F, F). On the middle part 
of this cross-shaft is cut a worm, in mesh with the worm wheel 
(W). 

The electro magnets (C) are wound on spools turned out of 
solid iron, and bolted solidly at their upper ends to an iron disc, 
centered in the vertical main shaft. There are six magnets, ar- 
ranged at equal intervals aroimd the disc. A similar set of mag- 
nets (J5), is mounted below the first set, in an inverted position; 
i.e., the lower ends of the magnets being bolted to an iron disc. 
The disc carrying these magnets is fastened solidly to the main 
frame of the apparatus. Between the two sets of magnets is a 
planed iron disc keyed to the main shaft, having very slight play 

3G5 
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between the free ends of the two sets of magnets. Electric 
current connections are made with both sets of magnets, collect- 
ing rings being placed on the vertical shaft to lead in to the 
upper, rotating set. 

Leads from the field and from the armature of the motor are 
brought out to binding posts, so that by connection with suitable 
rheostats and switches the motor can be reversed, and can be 



Fig. 1. Rotator Without Chair or Platform, Mounted on a 
Truck for Photographing 

varied in speed both above and below its normal rating. At 
the normal motor speed, the vertical shaft is rotated at a little 
less than two seconds per turn. 

When the motor is started, the cross shaft is driven, and drives 
the worm wheel (W ) and the gang of magnets (C) attached to 
it. When current is applied to the magnets (C), they ''pick up'' 
the iron disc armature keyed to the vertical shaft, and therefore 
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set the shaft into rotation. This gang of magnets act as the 
clutch. This shaft, and the chair or platform bolted to the 
disc {T) attached to it, start with a ''slip" determined by the 
load and the amperage of the current applied to the magnets. 
The acceleration is therefore controllable. When it is desired 
to stop the rotation of the vertical shaft, the current through 
the clutch magnets (C) is interrupted, and current is applied to 
the lower gang of magnets, which act as a brake, on the common 
armature disc. The retardation is controllable by controlling 
the current through the brake magnets. The motor, with the 
cross shaft, and clutch magnets continue in rotation. 

Smooth and constant acceleration and retardation are 
obtained, and continuous rotation after full speed is obtained 
without shock or jar. The advantages of this method of stimu- 
lation as compared with the jerky and variable hand driven 
chair are enormous. 

The apparatus is strong enough to sustain considerable strain. 
We have had no difficulty in rotating a man stretched out at 
full length on the table, even when three-fourths of his weight 
was on one side of the center of rotation. Without chair or 
platform, the apparatus weighs about 425 pounds. 

In order to permit of electric connections with the chair or 
table when in rotation, for recording or stimulating purposes, 
two pairs of collecting rings {R) are mounted on the main shaft. 

By means of a contact device, attached to the frame and 
operated by a series of elevations and depressions milled in the 
edge of the armature disc, which opens and closes an electric 
circuit ten times in each rotation, a kymographic record of speed, 
acceleration and deceleration can be obtained. 

Two of these rotation apparatus have been built in the 
physics workshop of the Johns Hopkins University. Various 
necessary attachnaents for experimental purposes are being 
developed with the aid of Mr. M. W. PuUen of the Johns Hopkins 
University, and Dr. Percy W. Cobb of the Nela Research 
Laboratory. 
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A NEW METHOD OF STUDYING THE IDEATIONAL 

BEHAVIOR OF MENTALLY DEFECTIVE AND 

DERANGED AS COMPARED WITH 

NORMAL INDIVIDUALS^ 

ROBERT M. YERKES 
National Research Council, Washington, D, C, 

In our various institutions for the treatment of mentally 
defective, deranged or criminalistic individuals, there is ob- 
vious and urgent need of methods which shall jdeld precise 
information concerning the ideational processes; for in large 
measure hxmian conflict, inefficiency, and failure are due either 
to the lack of ideas or to their imperfect functioning. The 
comparative psychologist, interested as he necessarily is, in the 
genetic or developmental relations of ideational and other 
mental processes, seeks especially to devise methods which 
shall supply strictly comparable data concerning the character- 
istics and genetic relations of the various important mental 
processes and forms of behavior. It is one of his chief tasks to 
achieve more complete knowledge and a practical understanding 
of ideation through the study of its evolution in the race (phylo- 
genesis) and of its development in the individual (ontogenesis). 
He views the psychological problems of psychiatry and psycho- 
pathology in the light of knowledge of mind and behavior which 
is generally considered irrelevant by the professional psychia- 
trist or psycho-pathologist. Yet here and there, much to the 
encouragement of those who believe firmly in the value of the 
comparative method and of the genetic descriptions of life which 
it yields, appear evidences that even those whose attention is 
monopolized by the practical problems of mental deficiency or 
disease are coming to see that no stage or condition of mental 
life or behavior can be understood or intelligently dealt with 

^This manuscript was written in 1916. 
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in the absence of thorough-going knowledge of its history and 
of its immediate relations to varied life-processes. 

Especially in the sphere of contact of psychology with the 
medical sciences, methods of research, as contrasted with prac- 
tical tests, are sorely needed. Because of the diflficulties of our 
practical tasks we are prone to aim rather too directly at useful 
results. Our tests are on the whole either too simple to yield 
reasonably accurate results, or they supply information too 
limited in its scope for safe interpretation and application. The 
method which I ain about to describe is not a simple test, but 
instead a means of exploring certain of the ideational pro- 
cesses. It ultimately should yield results of practical value, 
but it will commend itself rather to those who wish a thorough 
imderstanding of reactive tendencies than to such as seek a 
rule of thxunb for inamediate use. 

An experimental study of ideation may be (1) introspective, 
or (2) behavioristic, or (3) a combination of these two modes 
of observation. Since, while admitting the serviceableness of 
introspection, I am interested primarily in the study of be- 
havior, the method which I have devised is behavioristic. But 
it should not be overlooked that it offers excellent opportunities 
for introspection whenever the subject is capable of such obser- 
vation. I wish especially to emphasize the behavioristic charac- 
ter of the new method because physicians have too long ignored 
or neglected the scientific study of behavior, and this despite 
the fact that they might naturally be expected to take first place 
in the advance of our knowledge of human activities. 

An appreciation of certain of the needs of information con- 
cerning ideational behavior having been forced upon me as 
psychologist in a hospital for the psychopathic I looked about 
for available methods of research. Only one promised to meet 
my requirements, and it, on close examination, proved to have 
so many shortcomings that I finally decided to use it as a basis 
for the development of a new procedure. The method to which 
I refer was devised by the psychiatrist and keen student of 
behavior, G. V. Hamilton.* 

'Hamilton, G. V. : A study of trial and error reactions in mammals. Jo^r. 
Animal Behavior, 1911, 1, 33-66. 
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Hamilton, in order to get knowledge of the reactive tendencies 
of normal and pathological, mature and immature human sub- 
jects in relation to those of infrahuman animals, has developed 
an apparatus and procedure at once ingenious and fruitful of 
practically and theoretically interesting and valuable results. 
He confronts his subject repeatedly with a certain situation. 
A compartment or room from which the subject seeks to escape 
is provided with four exit doors. In any given trial, only one 
of thp four doors can be opened by the subject. The subject 
has no way of predicting which door will open. Only one of 
the four possible exists can be safely neglected, namely, the 
one which yielded escape in the immediately preceding trial, 
for the same door is not left unlocked twice in siuxession. As 
soon as a subject escapes through the appropriate exit, it is 
rewarded by the experimenter and after a certain interval 
returned to the compartment to try again to select the proper 
door. Thus, time after time, the behavior of a subject is ob- 
served in this definite and controlled situation. 

The experimenter, as a result of repeated observations, dis- 
covers the various reactive tendencies of his subject and im- 
portant characteristics of its ideational life. In the end his 
description of a given human or infrahuman subject's responses 
indicates the nature and degree of its ability to meet a situation 
which may be more or less adequately coped with according to 
the ideational capacity of the organism. Thus, certain persons, 
as well as certain lower animals, display the very ineffective 
method of trying the four doors at random, often the same one 
repeatedly. Yet other persons, or types of animal, exhibit the 
more satisfactory method of trying the doors in order from 
left to right, or from right to left, \mtil the one which is un- 
locked is located. Still other subjects display a superior 
method in that they avoid the door which jdelded egress in the 
previous trial and without repetition or waste of effort attack 
one, or if necessary all three, of the remaining doors. 

Appreciation of the importance for the medical sciences, and 
especially for psychiatry, of Hamilton's method and of his 
results, the bulk of which are as yet unpublished, is just now 
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beginning to develop; and it surely is not rash to predict that 
the kind of work which he inaugurated with mentally diseased 
and defective subjects more than ten years ago will shortly lead 
to important and far reaching improvements in the treatment of 
certain types of mental disorder. For after all it must be ad- 
mitted, even by -those who are most insistent on immediately 
and narrowly practical observational work, that the number, 
nature, and relations of our modes of adapting ourselves to the 
situations of life must be the chief diagnostic materials in case 
of many social and organic disturbances. 

The method of Hamilton, which has been briefly described, 
presents a problem which is practically insoluble, yet whose 
solution may be approached in varying degrees, thus giving 
opportunity for the display of a great variety of reactive ten- 
dencies. 

Taking Hamilton's procedure as my starting point, I devised 
an apparatus and technique which enable the experimenter to 
present to any subject — human or infrahxmian, mature or 
immature, normal, defective, or diseased — problems the solvr 
Hon of which gives opportunity for ideational reaction, although 
not necessarily depending upon it. The problems which I 
finally decided to use may appropriately be called relational 
problems and the apparatus by means of which they are pre- 
sented to a given subject I have rather inaptly named the 
multiple-choice apparatus. 

The nature of a typical relational problem may be indicated 
by a simple example. Let us suppose that a group of like ob- 
jects is placed before a subject. Some member of the group 
we shall define as the object to be selected or chosen by the 
subject, choice of it resulting in the obtaining of a reward, or the 
announcement of success. Let us further suppose that the 
right object, or the one to be chosen, may be adequately de- 
fined only in terms of its relation to the other members of the 
group. In case of a given problem, the relation might hemiddle- 
ness. Obviously, if the subject were told in advance, or by 
his own observation discovered, this definition, he should be 
able to select the right object immediately from any group 
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which happened to be presented. To be sure, if the number of 
objects in the group became very great, the task of selection 
would be correspondingly diflBcult. 

Now, as it happens, this relational method of studjdng 
ideational behavior has several points of merit for those com- 
parative psychologists who seek to apply piecise methods of 
studying behavior to the materials of the psychiatrist. These 
merits, it must be admitted, are not accidental, but instead 
result from the requirements which I had in mind in devising 
problems, apparatus, and procedure. The most important 
of them may be described thus: (1) A series of problems 
ranging in difl&culty from the very simple and easy to the 
extremely diiBBcult may be selected, standardized, and presented, 
either in part or in entirety, to any given subject. (2) Each 
of these problems is completely soluble by a subject with ex- 
cellent ideational capacity, although not necessarily by a given 
subject. (3) The -attempts of a subject to solve a problem are 
readily recordable as forms of reaction, for the most part as 
definite choices of objects in* a group. The experimenter may, 
however, make time-measurements and keep, if he so desires, 
detailed records of behavior between choices. (4) Introspec- 
tive data supplementry to those recorded \mder (3) may 
often be obtained from human subjects. Especially after 
success in the selection of the right object has been attained, 
it is important to request of the subject, if linguistic reaction 
is possible, a definition of the right object or a description of the 
method of selecting it. (5) Graphic representations of the pro- 
cess of problem solution, ideational or otherwise, are possible. 
Such, for example, are curves of learning constructed on the 
basis of right or wrong choices. Coefficients or indices of 
ideational capacity may also be used. Likewise, formula des- 
criptive of the mode or modes of reaction, reactive tendencies 
or methods of choice become available. 

APPABATUS 

The original form of multiple-choice apparatus, with which 
at the Psychopathic Department of the Boston State Hospital 
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the relational method was given preliminary trial, consists of 
a bank of twelve similar wooden keys before which the subject 
can be seated. Each key has electrical connection with a signal 
apparatus (bell or buzzer) which serves to indicate to the sub- 
ject success in locating the right key. This simple and crude 
apparatus is shown in use in the accompahjdng figures 1 and 2. 
Any one or all of the twelve keys may be presented to the sub- 
ject in a given trial. As the figures indicate, keys not in use 
are placed in a vertical position by the experimenter, whereas 
those from among which the subject is required to select the 
right one remain in a horizontal position and may be pressed 
by the subject in his effort to locate the one which will cause the 
signal apparatus to respond. 

Before describing the procedure or further discussing the 
method, I shall describe briefly an improved form of multiple- 
choice apparatus which has now replaced the original.* The essen- 
tial features of this improved model are: (1) A bank of twelve 
hard-wood ke3rs which can be operated by the experimenter 
from one side of a screen and by the subject from the opposite 
side. (2) A signal and switch board on which are mounted 
twelve miniature lamps, each of which is connected with one 
of the keys. On the same switch board are moimted, al.-o, 
twelve jacks, each of which is connected with one of the keys and 
may be connected with a small buzzer. (3) A wooden screen 
which serves to separate subject and experimenter and to pre- 
vent the former from seeing the movements of the latter and of 
thus being influenced in his selection of keys. (4) A box upon 
which the above parts are mounted and in which are housed the 
electrical mechanisms for the signal board. 

This apparatus is shown fairly satisfactorily in figures 3, 4, 
and 5. Figure 3 is a rear view of the apparatus, showing the 
signal board with its twleve lamps and the jacks and plug by 
means of which any key may be connected with the buzzer. 
Beyond the signal board appear the metal clips, each nmnbered, 
with which the experimenter can either push out (expose to 

'This apparatus was constructed in the shop of the Harvard Psychological 
Laboratory. 
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Figs. 1 and 2. Figure 1, upper, and figure 2, lower; original multiple-choice 
apparatus, used in the Boston State Hospital, Psychopathic Department. 
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view) or withdraw a given key. A small metal-cased buzzer 
and two binding posts for connections with dry batteries appear 
at the left end of the box. As this figure shows, the screen 
separating subject from experimenter is hinged so that when the 
apparatus is not in use, it may be folded back over the signal 
board to protect it from dust or from any possible mishap. 

Figure 4 is a view of the apparatus from the front, showing 
it as it appears to thie subject. The keys are numbered (on 



Figure 5. Apparatus from Beneath. Showing Wiring 

the experimenter ^s side) from the right to the left, one to twelve. 
Keys nine to twelve are shown in their withdrawn position, that 
is, out of use or beyond the reach of the subject. Keys one 
to eight appear in position for use, that is, they project beyond 
their cover. The subject seated before the bank of keys is 
required merely to lightly depress the keys, one at a time. By 
so doing, he either makes a connection which causes the appro- 
priate signal lamp for the key to flash, or in case the particular 
key happens to be the right one, it instead causes the buzzer 
to sound. 
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Finally, figure 5 represents the apparatus as viewed from be- 
neath, with the protecting floor removed. There appear in 
the foreground the row of jacks and a button resistance in the 
buzzer circuit. Beyond the jacks is a row of twelve lamp 
sockets, and the wires connecting these mechanisms with the 
several keys. 

The apparatus, as thus designed and constructed, enables the 
experimenter to obtain accurate records of a subject's choices 
by following the flashes on the switch board.* 

A brief statement should be offered with reference to the adap- 
tation of the method for experimentation with inf rahuman organ- 
isms and for the rapid testing of human subjects in connec- 
tion with certain practical demands. 

Multiple choice problems can be satisfactorily presented to a 
great variety of lower animals by means of a series of similar 
boxes, each of which is provided with an entrance and exit door. 
These boxes serve the same purpose as the bank of keys used for 
human subjects. The animal is required to select from a group 
of boxes whose entrance doors are open that one which bears 
a certain definite relation to the others, for example, the middle 
one. When this box is entered, the animal is rewarded with 
food, whereas when any other box is entered, instead of being re- 
warded with food, it is punished by being confined in that box 
for a certain interval and is then released and permitted to make 
another choice. This box type of multiple-choice apparatus 
has been used successfully with several birds and mammals.* It 
may, of course, be used for human subjects quite as well as the 
key-board form, but the presentation of the problems requires 
much more time. 

Munsterberg suggested a convenient adaptation of the mul- 
tiple-choice method for rapid mental examining. On small 
cards he had printed three lines of capital letters. Each line 
contains at least two different letters, for example A and 0. 

* Electrical parts for the apparatus are supplied under the following numbers 
by the Western Electric Company: lamp no. 2-A, 4 volt; lamp cap no. 2- AY; 
lamp socket, no. 13; jack, no. 167; lamp cap tweezers, tool no. 112; lamp ex- 
tractors, tool no. 116. 

*See references at end of paper. 
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In case of some problems, the letters A, 0, and U appear in a 
single line. The letters are so arranged that the 0, for example, 
bears in each line a certain special relation to the other letters 
of the group, as for instance, the relation of second from the 
right end. It is the task of the subject to whom this "relation 
test" is presented to discover the relation of the O to the other 
letters on a given card. Different cards present relations of 
varying diflficultness to discover and describe. 

Yet another adaptation of the multiple-choice method has 
been made by the writer and the late C. S. Rossy for use in an 
adult point scale which they constructed.* In this case, circles 
and squares instead of letters *are employed as symbols. * A 
given card bears four lines of symbols, in each of which appear 
circles and one square. The relation of the latter to the .circles 
is the same for each of the four lines. Experience indicates 
that the relational test has considerable practical value in 
mental examining as well as varied values as a method of 
research. 

I wish, now, to describe as briefly as feasible the original 
multiple-choice procedure and certain features of the initial 
results obtained with normal and pathological subjects at the 
Psychopathic Hospital. The twelve-key apparatus described 
on page 373 was employed, and to each subject the following four 
problems were presented First problem, first key at the left; second 
problem, alternately the first key at the left and the first key at the 
right; third problem, third key from the left end; fourth problem, 
middle key. 

Originally, the following explanation was made to the sub- 
ject: ''One key in the group will make a bell ring. Try to 
learn to find it. It will not be the same key twice in succession. '' 
The experimenter accompanied this statement by demonstra- 
tion of the way in which the keys should be operated and of 
the fact that a certain key in a given group would cause a bell 
to sound, whereas the pressing of any other key had no such 
result. 

• Yerkes, Robert M., and Cecelio S. Rossy; A point scale for measuring the 
intelligence of adolescents and adults. Boston Medical andSurgicalJour., 1917, 
176, 664-573. 
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It was shortly discovered that this fonn of explanation 
tended to complicate the experiment. Consequently, the 
following briefer statement was substituted: ''One of the keys 
in each group will make the bell ring. Try to find it the first 
trial each time.'' 

Even this statement proved far from satisfactory, audit seems 
probable that in the long run it may be better to demonstrate 
the mode of operating the apparatus and to offer no statement 
concerning the nature of the problem or what is expected of the 
subject. 

For each problem a series of ten settings of the keys was 
arranged. In each of these a* definite group of keys was pre- 
sented. These so-called settings of the keys for the various 
problems appear in the accompanying reproduction of record 
sheets, pp. 381-382. The sheets indicate that in case of prob- 
lem 1, setting 1, all twelve keys were presented to the subject, 
that in setting 2, keys 5 to 10 were presented, and so on. Follow- 
ing the data of columns 1 to 3 in the record sheets, which give, 
respectively, the number of the trial,^ the keys in use, and the 
correct or signal key, appear the records of choices or reactions, 
that is, of keys pressed by the subject. Record sheet 1 pre- 
sents the choices in each of the four problems for a normal man, 
while record sheet 2 similarly presents the results for a defec- 
tive woman. The latter records, however, are not complete, 
since for problems 1, 2, 3, and 4 more than one series of ten 
trials was given. Comparison of record sheets 1 and 2 indicate 
that the normal subject solved the problems quickly and with 
few reactions and trials, whereas the defective subject re- 
quired a much larger number of trials and made several times 
as many choices or reactions as did the normal man. 

The experimental procedure always involved the systematic 
presentation of the different settings from 1 to 10 in order. A 
series having been completed, the experimenter imless for some 
reason the observations had to be discontinued, returned to 
setting 1 and once more presented the settings in order from 1 to 

'A given "setting" when presented to a subject is termed a "trial." 
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10. As a rule, not more than fifty trials were given a subject 
in succession, and in some instances even although success had 
not been achieved the work was abandoned after thirty trials. 

Record sheet 1 

Name: H. R. Age: 43. Nationality: American. Date: January 90, 1914. 
Diagnosis: Superior normal. 



PBOBLKM 1 


PBOBLKll 2 


Setting 


Keys 
in use 


Signal 
key 


REACTIONS 


Setting 


Keys 
in use 


Signal 
key 


BBACnOMS 


1 


1—12 


1 


6. 8. 10. 12. 4. 2. 1 


1 


1—12 


1 


5. 7. 9. 11. 3. 1 


2 


6-10 


5 


6. 7. 9. 6 


2 


5^-8 


8 


8 (Right key 
defined) 


3 


10-11 


10 


10 (Right key de- 
fined after this 
trial) 


3 


3—10 


3 


3 




6—12 


6 


6 


4 


1—12 


12 


12 


5 


2—10 


2 


2 


5 


4-9 


4 


4 


6 


7—11 


7 


7 


6 


2—11 


11 


11 


7 


3—11 


3 


3 


7 


5^-8 


5 


6 


8 


9—12 


9 


9 


8 


3—10 


10 


10 


9 


8—10 


8 


8 


9 


2—11 


2 


2 


10 


4^12 


4 


4 


10 


4^9 


9 


9 



PBOBLXM3 


PBOBLBll 4 


Setting 


Keys 
in use 


Signal 
key 


BEACTION8 


Setting 


Eesrs 
in use 


Signal 
key 


BBACnONB 


1 


1-8 


3 


4. 6. 8. 2. 7. 6. 3 


1 


1-5 


3 


8 (Definition an- 
ticipated) 


2 


10-12 


12 


12 (Right key de- 
fined) 


2 


4^12 


8 


8 (Definition for- 
mulated) 


3 


2-10 


4 


4 


3 


2—10 


6 


6 


4 


^-12 


11 


11 


4 


10-12 


11 


11 


6 


3-^ 


5 


6 


5 


1—9 


5 


6 


6 


8—11 


10 


10 


6 


3-5 


4 


4 


7 


4r-10 


6 


6 


7 


1-3 


2 


2 


8 


7—9 


9 


9 


8 


2—12 


7 


7 


9 


5—12 


7 


7 


9 


6-12 


9 


9 


10 


6-9 


8 


8 


10 


8-12 


10 


10 



As soon as problem 1 had been solved, problem 2 was pre- 
sented, with a definite statement that a change had been made 
from the first problem to a new one. 
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Record sheet B 

Name: B. T. Age: 18. Nationality: American. Date: May 12, 1914. 
Diagnosis: Defective delinquent 



PBOBLBM 1 



Settins 



2 
3 
4 
5 

6 

7 

8 

9 

10 



Keys 
in use 


Signal 
key 


1—12 


1 


5—10 


6 


10-11 


10 


6—12 


6 


2—10 


2 


7—11 


7 


3—11 


3 


9-12 


9 


8-10 


8 


4r-12 


4 



RSACTIONB 



3. 4. 6. 8. 7. 6. 9. 
10.1 

7. 9. 10. 8. 8. 7. 6 

10 

6 

4. 7. 8. 6. 9. 3. 10. 
4.2 

7 

6.3 

12. 11. 9 

8 

4 

etc. 



No mistakes after twenty-sixth trial, 
but failed to formulate definition. 



PBOBLKM 2 



Setting 



2 
3 
4 
5 

6 
7 
8. 
9 
10 



Keys 
in uBe 



1—12 

&-8 
3—10 
1—12 

4-9 

2—11 

5--8 

3—10 

2-11 

4-9 



Signal 
key 



8 

3 

12 

4 

11 
5 

10 
2 
9 



8. 4. 7. 6. 2. 3. 1 

8 

10.8 
1.12 
4 

11 

8.6 

10 

2 

4.9 

etc. 



No mistakes after nineteen trials. 
Definition formulated. 



PBOBLEAl 3 


PBOBLBM 4 


Setting 


Keys 
in use 


Signal 
key 


BEACnOXS 


Setting 


Keys 
in use 


Signal 
key 


BBACnONS 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


1—8 

10—12 

2—10 

9—12 

3-^ 

8—11 

4r-10 

7—9 

5—12 

6-9 


3 

12 

4 

11 

5 

10 

6 

9 

7 

8 


4.3 

11. 10. 12 

10.4 

9. 12. 10. 11 

6. 4. 8. 7. 3. 6 

10 

5. 7. 10. 6 

9 

7 

8 


1 
2 
3 

4 
5 
6 
7 
8 
9 
10 


1--5 

4r~12 

2—10 

10—12 

1—9 

3-5 

1—3 

2—12 

6—12 

8-12 


3 
8 
6 

11 
5 
4 
2 
7 
9 

10 


4. 1. 5. 3 

6.7.8 

5.6 

12. 11 

6 

3.4 

1.3.2 

6. 8. 2. 12. 4. 3. 7 

10. 11. 6. 9 

11. 9. 10 
etc. 


No mistakes after seven trials. 
Definition formulated. 


Failed to solve problem. 
Given thirty trials. 
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A problem was considered solved as soon as a subject stated 
correctly the relation of the right key to the other members of 
the group, and the number of trials preceding the first initially 
correct trial after which no errors appeared was taken as a meas- 
ure of the rapidity of solution. Either this datum or the total 
number of reactions may be used as the score. In case a sub- 
ject failed to define the right key correctly, observation was* con- 
tinued imtil ten successive correct trials had been recorded, for 
occasionally it happens that a subject who is capable of ful- 
filUng the demands of the situation by selecting the propermechan- 
ism each time is quite incapable of formulating a description of 
method or a definition of the right key. 

For the purpose of thoroughly trying out the method, of obtain- 
ing results for perfecting the technique and improving the appara- 
tus, observations were made on approximately fifty normal 
subjects, all of whom were adults although varying widely with 
respect to education and professional trainmg; on thirteen 
mental defectives, either adolescents or adults; and on somewhat 
more than fifty mentally deranged and diseased individuals, 
including cases of dementia praecox, manic depressive insanity, 
general paralysis, and drug psychoses. It is not the purpose 
of this report to present in detail the results of these observa- 
tions, but instead merely to describe the method fully for the 
benefit of those who may wish to use it and to indicate certain 
general features of the results obtained with the groups of sub- 
jects referred to above. A complete account of the reac- 
tion of a subject to multiple-choice problems is given by the 
detailed records and supplementary notes made during experi- 
mentation, of which record sheets 1 and 2, pages 381 and 382 
are offered as samples. 

Obviously, it is not feasible to publish these detailed case 
records. Instead, it is necessary to find some way of summariz- 
ing the results. Analjrtic study of the data led to the following 
conclusions concerning feasible modes of treatment. Statistical 
data, although of considerable value, should by no means take 
the place of careful analysis and detailed description of individual 
reactions. Among, the observational data which promise to be 
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useful are (a) the number of trials necessary for the solution of 
a given problem; (b) the total number of reactions, that is, the 
number of keys operated in the several trials necessary for the 
solution of a problem; (c) the number of repetitions, that is, 
the number of times keys are used more than once in a given 
trial; (d) the number of ideas indicated by the objective records 
of response or by the introspection of the subject; (e) the method 
or methods of reaction, as for example, systematic use of the 
keys from the left to the right end of a group, or from right to 
left, or the regular trial of the even keys in order, or of the odd 
keys in order, random or haphazard procedure with repeated 
use of the same keys, etc.; (f) mental condition, that is, the 
general mental status or attitude in connection with reactions. 
It may obviously be one of confusion, of forgetfulness, or of 
definite insight, clearness, planning, (g) Types of reaction, 
such for instance as the tendency to begin at a certain point in 
each group or to favor a particular key or combination of keys. 
Such types of reaction are numerous and as yet insufficiently 
studied to warrant an attempt to list and evaluate them, 
(h) Formulation of definition. In varying degrees, subjects 
are capable of explaining their solution of a given problem. At 
one extreme are f oimd individuals who although capable of res- 
ponding correctly and thus of meeting the technical require- 
ments for the solution of a problem, are yet utterly incapable of 
describing their method or even of stating the relational prob- 
lem which they have solved in motor terms. Individuals in- 
capable of defining the right key appear among normal as well 
as among defective and pathological subjects. 

In multiple-choice experiments it is obviously essential that 
the observer keep complete records not only of the subject's 
reactions but also of his verbal comments or incidental bits of 
introspection and of such introspection as is elicited by ques- 
tioning. As soon as a record has been completed, the results 
should be carefully analyzed. 

There are presented in table 1 certain statistical data for 
forty-eight normal subjects, grouped in four categories. The 
primary classification is according to sex, but each sex group 
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is divided into individuals of superior native ability and educa- 
tional opportunity as contrasted with those of ordinary to poor 
native ability and education. For each of the four groups the 
average score, number of reactions and number of repetitions is 
presented for the problems described on page 379, and numbered 
in the table, 1 to 4. 

TABLE 1 
Summary of results for normal subjects 



Problem 1: 

Superior males. . 
Medium males... 

Superior females 
Medium females. 

Problem 2: 

, Superior males. . 
Mediiun males... 

Superior females 
• Medium females. 

Problem S: 

Superior males. . 
Medium males... 

Superior females. 
Medium females. 

Problem 4: 

Superior males. . 
Medium males... 

Superior females 
Medium females. 



2.62 
8.90 

2.11 
9.50 



3.33 
4.40 

4.67 
8.62 



1.19 
3.00 

2.44 
9.12 



3.05 
5.80 

2:89 
12.12 



9.24 
26.80 

9.22 
30.75 



12.76 
13.90 

22.11 
28.50 



4.81 
10.50 

9.89 
30.00 



10.62 
18.40 

9.78 
37.37 



BEPBTI- 
TION8 



0.05 
1.10 


1.25 




1.30 

0.78 
3.37 




0.50 


0.37 



0.14 
0.90 

0.11 
1.50 



Particularly striking, in this table^ are the numerical differences 
for the subdivisions of the sex groups. Unquestionably, educa- 
tion has much to do with the facility in the use of ideas exhibited 
by the superior individuals. Yet is it probable that native 
ability also has much to do with the contrasted results of the 
several groups. It should .also be noted that the frequency of 
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repetition is very much greater for the males and females of 
medium ability than for those of superior ability. 

It may be remarked that the responses of a subject to a 
series of multiple-choice problems, no matter how the results 
be analyzed later or what significance be attached to them in 
the light of statistical data are surprisingly illuminating to the 
observer, for they indicate in a remarkable manner the idea- 
tional characteristics and efficiency of the subject. It seems to 
the writer fairly clear that some such procedure as this relational 
method may profitably be adapted to the needs of the mental 
examiner as a means of measuring for practical pmposes such 
ideational characteristics of human subjects as number of ideas, 
their quickness of development and value. 

TABLE 2 
Summary of restdta for mentally defective subjects 





TSIAX4 


BBACnONB 


RKPETX- 
TIOK8 


Problem 1 


9.9 
17.0 

5.6 
23.7 


26.0 
35.6 
16.4 
73.7 


0.4 


Problem 2 


0.5 


Problem 3 


0.1 


Problem 4 , 


4.2 







By contrast with the results for normal subjects, there are 
presented in table 2 comparable data for thirteen mentally 
defective individuals, who, however, do not constitute a homo- 
geneous group, since they exhibited varying degrees as well as 
kinds of mental deficiency. It will be observed that, in general, 
the figures for the group are larger than those for any one of the 
four groups of normal subjects and that problem 4, which for 
the normal individuals proved on the whole slightly more difficult 
than the others, required a large number of trials and reactions 
involving many repetitions in case of the defectives. Intensive 
study of such differences is sure to prove fruitful of results 
valuable to genetic psychology and also to psycho-pathology. 

Especially promising of valuable results, as indicated by the 
data thus far accumulated, are comparisons of the reactions 
of normal children, ranging, in age from three years onward, 
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with those of various sorts and degrees of mentally defective 
individual. 

It has not seemed worth while to present statistical data for the 
group or groups of mentally deranged cases observed. Aver- 
ages, it appears, are rather more likely to conceal than to reveal 
the significant facts. The group is almost hopelessly hetero- 
geneous, for in addition to individual, age, race, sex, educational, 
and social psychological differences, there appear the induced 
differences of mental disease. Moreover, even when an attempt 
is made to lessen this heterogeneity by classifying the subjects 
according to diagnosis into such groups as dementia praecox, 
general paralysis, and so on, the degree of heterogeneity is 
still extremely great because the various cases were studied in 
different stages of the development of their diseases. Chiefly 
for this reason it has been decided to present four reasonably 
typical cases instead of statistical data. These cases are here- 
frfter designated by initials as follows: A. C, female, aged 
twenty-four, dementia praecox (hebephrenic); S. W., female, 
aged forty-eight, manic depressive (depression); S. S., male, 
aged thirty-six, general paralysis (with insight); C. C, male, 
aged fifty-one, Korsakoff's psychosis. 

For each of these subjects there are presented in table 3 the 
detailed records of reaction to problem 2, in which the right key 
is definable as alternately the first key at the left end of a group 
and the first at the right end of a group. At the head of the 
table are indicated the ten successive settings of keys, S.l to 
S.IO. The keys presented and the right key appear under the 
number of the setting. Thus in S.l all twelve (1-12) were pre- 
sented and the first key (1) was the right one. The first ver- 
tical column of the left presents the number of trials in groups 
of ten. For each trial the numbers of the keys depressed 
appear in the several vertical colmnns. Subject A. C, for ex- 
ample, in his tenth trial (setting 10) depressed in order keys 
4. 5. 6. 7. 8. 9. In his fiftieth trial (also setting 10) he depressed 
key 9 immediately. 

The records of response speak clearly enough for them- 
selves. The dementia praecox patient A. C, thought aloud, 
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saying '^t's the first one/' '^t's the last one," ''It's the 
first one again." In trial 8, she exhibited an interesting 
ideational response by pressing the end keyB 3 and 10, 
simultaneously. At various times in the continuous series of 
fifty trials given to this subject, she seemed on the verge of 
solution of the problem. Thus, for example, after trial 6 she 
reacted correctly three times in succession and asked, shortly, 
why the end keys were used. But in subsequent triab, her 
responses clearly indicated inability to grasp the principle 
of alternation, and finally after fifty imsuccessful trials, the 
method was explained to her in order that the next problem 
might be presented. She nearly succeeded in solving prob- 
lem 1; failed on problems 2, 3, and 4. In her work a slight 
improvement appeared because of memory for the particular 
settings. She, however, exhibited little insight, talked freely 
and often foolishly, was deluded, and gave evidence of inferior 
mentality, apart, perhaps from the deteriorating effects of her 
mental disease. 

S. W., the subject of depressive insanity, worked without in- 
sight and in ways extremely difficult to predict or to account for 
in ideational terms. He failed to solve, within the number 
of triab allowed, any of the four problems. At the end of his 
twentieth trial with problem 2, he remarked "They change all 
the time. I don't see how anybody could tell," and still later 
he volimteered "It's chance." In the three series of trials 
given to him in problem 2, he showed marked improvement, 
especially in the direction, of lessening the nmnber of reactions 
per trial. This is precisely what appears in low grade defec- 
tives among hiunan subjects and in such animals as the monkey, 
pig, and cat. A careful comparative study of the results for 
various types of animal, grades of mental deficiency, and 
conditions of mental deterioration should prove quite as illuminat- 
ing to the psycho-pathologist as to the genetic psychologist. 

S. S., the general paraljrtic, worked on a wholly different plane 
from that of the other subjects, for he possessed insight, and 
although annoyed by the demand for intellectual effort, as a 
favor to the experimenter he worked faithfully at the multiple- 



Digitized by 



Google 



NEW METHOD FOR STUDYING IDEATIONAL BEHAVIOR 391 

choice problems. Problem 1, he solved immediately, grasping 
the idea of first at the left during the first trial. Problem 2 re- 
quired three trials, in each of which, as the data of table 3 indi- 
cate, ideas are evident. Thus, for instance, he avoided key 1 
in his first trial because it had been the correct key in problem 1. 
He then systematically tried each key in order from 2 to 12, 
and having eliminated the others, pressed key 1. Similarly, in 
the second trial, he worked systematically from left to right, 
through the group of keys. In the third trial, pursuant of the 
idea suggested by success with the last key in trial 2, he pressed 
key 10 first, and thence worked systematically toward the left, 
until he achieved success. In the fourth . trial, he reacted at 
once correctly on the basis of the idea of first at the right end, 
and previous to his reaction he formulated the definition "First 
extreme left, then extreme right. " The third problem he solved 
immediately, formulating the definition after the first trial 
and putting it to the test in the second trial. Thefourth problem 
baffled him. Failure irritated and discouraged him. With 
urgence he continued to work through thirty-seven trials. 
He formulated the definition ''Middle key of all keys down" 
after thirty-five trials. 

It is peculiarly interesting and puzzling that a subject with 
the insight and ideational capacity of S. S. should have had 
so much difficulty with problem 4 after sol ving the other three 
problems easily. This result is sharply at variance with the 
data yielded by normal subjects, for even children of six to ten 
years have, so far as data are available, as a rule solved problem 
4 quickly. It is natural to suppose that fatigue may have had 
much to do with the general paralytic's difficulties with this 
problem. His records indicate that he tried out a considerable 
number of complex relational hjTpotheses. 

C. C. exhibited no enthusiasm for the experiment. He worked 
patiently, and after fifteen trials solved the first problem. In 
the second problem, fifty trials failed to give indication of 
approaching solution. He mostly tried the e^d keys, but he 
was not consistent in this, and the results indicate that he failed 
to discover that only the end keys yield success. The results, 
unlike those for S. W., show no lessening of the nmnber of reac- 
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tions with successive trials. In this respect they are in hannony 
with those obtained from other cases of alcoholic psychoses. 
Almost without exception such patients have extreme difficulty 
with ideational tasks. Their ideational efficiency is apparently 
greatly impaired by the deteriorating effects of alcohol. 

TABLE 4 

Suggested problems to be used with muUiple-choice apparatus and method for testing 

human or other subjects 

Problem 1. The same key in each trial (key or mechanism No. 6 from the left 
end of apparatus). 

1-6 (6); 3-12 (5); 4-6 (5); 5-9 (5); 2-10 (6); 4n5 (5); 4-10 (6); 3-6 

(6); 1-8 (6);. 5-10 (6). 
Problem 2. The first mechanism at the left end of a group. 

6-12 (6); 11-12 (11); 3-11 (3); 1-6 (1); 4-11 (4); 10-12 (10); 6-9 (6); 

2-12 (2);S-11 (8); 7-12 (7). 
Problem 3. The middle mechanism in a group. 

1-7 (4); 10-12 (11); 6-10 (8); 1-11 (6); 1-3 (2); 4-10 (7); 1-9 (6); ^11 

(10); 1-6 (3); 6-12 (9). 
Problem 4. The third mechanism from the right end in a group. 

1-6 (4); 6-8 (6); 3-12 (10); 1-3 (1); 7-11 (9); 2-10 (8); 1-7 (5); 2-4 

(2); 2-9 (7); 1-6 (3). 
Problem 5. Alternately, the first mechanism at the left end and the first mech- 

. anism at the right end of groups. 

8-12 (8); 1-10 (10); 3-8 (3); 6-9 (9); 1-9 (1); 3-6 (5); 7-11 (7); 6-12 

(12); 2-8 (2); 4^ (6). 
Problem 6. The next mechanism at the left each time, beginning with mechanism 
No. 12, that is, progressively from the right toward the left end 
of the apparatus. 

10-12 (12); 6-12 (11); 3-10 (10); 8-12 (9); 8-10 (8); 1-9 (7); 6-8 (6); 

4-9 (5); 2^-11 (4); 3-7 (3). 
Problem 7. The mechanism to the left of the middle mechanism of a group. 

6-12 (8); 3-6 (3); 8-12 (9); 1-9 (4); 2-12 (6); 10-12 (10); 5-11 (7); 

1-6 (2); 3-9 (5); 1-3 (1). 
Problem 8. Alternately, the second mechanism from the right end of a group 
and the second mechanism from the left end of a group. 

6-12 (11); 2-5 (3); 1-8 (7); 5-9 (6); 1-5 (4); 4-12 (5); 5-10 (9); 9-11 

(10); 2-9 (8); 1-5 (2). 
Problem 9. The mechanism to. the right of the mid-point in an even group, or the 
mechanism at the right end of the first half of a group consisting 
of an even nimiber of mechanisms. 

3-10 (7); 1-4 (3); 2-7 (5); 1-2 (2); 3-12 (8); 8-11 (10); 5-12 (9); 1-10 

(6); 1-6 (4); 11-12 (12). 
Problem 10. Alternately, the mechanism at the left of the middle mechanism and 
the mechanism at the right of the middle mechanism. 

1-7 (3); 8-12 (11); 2-10 (5); 10-12 (12); 1-9 (4); 3-9 (7); 1-3 (1); 

6-10 (9); 6-12 (8); 3-7 (6). 
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SUGGESTIONS FOR THE FURTHER USE OF THE MULTIPLE- 
CHOICE METHOD WITH HUMAN SUBJECTS 

It is recommended that the improved form of the key-board 
apparatus be used for human subjects except where comparison 
of results with those obtained with lower animals is contem- 
plated. In the latter case, it seems advisable to use some form 
of box mechanism for human as well as infrahmnan subjects. 
Such mechanisms have been described by the writer in various 
reports of results.® 

It is further recommended that the ten relational problems 
of table 4 be thoroughly tried out with a view to evaluation, 
revision or substitution, standardization and arrangement in 
servicable order. Following the designation of each prob- 
lem by definition of the right key is a series of ten settings. The 
total number of keys used in each of these series is 60. This 
list of problems with the settings suggested, was originally pub- 
lished in the Journal of Animal Behavior, 1917, 7, pp. 27, 28. 
Discrepancy will be noted between the series as published here 
and in the Journal of Animal Behavior, as follows: In the case 
of problem 4, setting 8 was originally mis-printed as 3-5 (2). 
Tt should have read 2-4 (2). In the case of problem 9, setting 
5 was originally printed 3-12 (11). It should havebeen 3-12 (8). 
Setting 9 was originally printed 5-10 (8). It should have been 
1-6 (4). 

BIBLIOGRAPHY OF MUTIPLE-CHOICE METHOD TO 1921 

Yebkes, Robebt M.: The study of human behavior. Science, 1914, xxxix, 

625-633. 
CoBUBN, Chables A., AND Yebkes, Robebt M. : A study of the behavior of the 

crow Corvtts AfnericanTAS Aud. by the multiple choice method. Jour. 

Animal Behavior, 1915, v, 75-114. 
Yebkes, Robebt M., and Cobtjbn, Chables A.: A study of the behavior of the 

pig Su8 scrofa by the multiple choice method. Jour. Animal Behavior, 

1915, V, 185-225. 
Hamilton, G. V.: A study of perseverance reactions in primates and rodents. 

Behavior Monographs, 1916, iii. No. 13, 65 pp. 

•See especially Jour. Animal Behavior, 1917, 7, 11-28, and Behavior Mono- 
graphs, 1916, 8, No. 1, IV+145 Pp. 
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THE EVOLUTION OF NERVE MUSCLE MECHANISMS 

S. BENT RUSSELL 

Among men of learning it is admitted that all forms of life 
that we find today, are the result of evolution. All higher forms 
were evolved from some lower forms. The earlier forms 
of animal life^lnust have descended from forms akin to those 
we find in plant life. If we were seeking for the most interesting 
stages in the evolution of vertebrate animals, we would without 
doubt include among them the development of nerve-muscle 
mechanisms. The first contractile fiber in a living creature 
marked a most important step in evolution. The first nerve 
fiber also marked a step of the greatest importance. 

To understand hmnan behavior, we must study the behavior 
of all creatures having nerves and contractile fibers such as are 
found in men and horses. Every one knows that men and 
horses do work with their muscles. Every one knows that by 
cutting certain nerves in a man or a horse, certain muscles 
will be paralyzed and so put out of conamission. Anatomists 
tell us that the muscles of men and horses contain contractile 
fibers and that similar fibers are found in worms and in crea- 
tures of still lower organization. Nerve fibers found in men 
and horses are of the same type as those found in worms and 
creatures of still lower organization. Neither muscle fibers nor 
nerve fibers, however, are to be found in plants. It is true 
that there are mechanisms in plants that are akin to sense 
organs. There are also mechanisms that produce movement, 
usually in connection with growth. Modem works on physiology 
contain a considerable fund of knowledge about nerve fibers 
and muscle fibers. Certain facts about their structure are re- 
vealed by the microscope. Their chemical composition is known 
to some extent. Certain electrical phenomenon have been ob- 
served. In the study of these matters there is still, however, 
much room for controversy. 
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There are many men of learning who have reached the con- 
clusion that the behavior of men and animals can be explained 
by the interaction of chemical, electrical and physical forces 
or in other words, by the operation of mechanisms. They 
find that what a man does, what he says and also what he thinks 
can be explained by the operation of nerve-muscle mechanisms. 

Now if you agree to these conclusions, one problem that will 
present itself to you is, how shall we explain the evolution of 
nerve muscle mechanisms? We shall seek to solve this problem 
in some measure in this discussion. 

As our first step, we will note that respiration With oxidation 
is characteristic of animal life. An animal must have three things, 
viz.: Food that consists of organic matter; air for respiration 
with oxidation; stimuli from the environment. 

Food is assimilated, oxygen is absorbed. As the organic 
matter is combustible or oxidizable, an explosive or xmstable 
equilibriiun condition is thus in some way produced. A stimulus 
from the environment upsets the equilibrium and the oxygen 
combines with the carbon and hydrogen and energy is released.^ 

One question that presents itself is, in the earliest stage of 
evolution, was the release of energy continuous or intermittent? 
It may have been continuous originally and by gradual steps 
grew to be intermittent. The continuous type of release may 
be illustrated by a gas burner. Here we have a continuous 
oxidation with release of energy. The same thing may occur 
in organisms although it must be, of course, at a moderate tem- 
perature. In most cases, we may suppose, the energy released 
would appear as heat. It might, however, appear as light oj: 
electricity. 

If the intermittent release of energy is to prevail in the 
organism, cycles must be established as in a gas engine. In 
a gas engine, the cycle is made up of four stages, viz. : 

1. The air and gas flow into a chamber where they mix. 

2. The flow is interrupted, 

3. An electric spark excites an explosion. 

4. The products of combustion flow out of the chamber. 

» Arthur Dendy, Outlines of Evolutionary Biology. New York, 1913, p. 7. 
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In the animal, we may have a similar case. The four stages are : 

1. Oxygen bearing matter is brought into the same space 
with carbon bearing matter forming an unstable mixture. 

2. The flow ceases, 

3. Some change in the environment produces a disturbance 
that excites a chemical combination. The oxygen combines 
with the carbon bearing compounds and energy is released. 

4. The oxidized products of combustion are removed from the 
place concerned and the cycle is complete. 

To proceed, let us think of a primitive organism in contact on 
one side with a mass of food and on the other side with water 
containing free oxygen. We will say the organism is made up 
of zones, an inner zone in contact with food and an outer zone 
in contact with water and oxygen. Between these two zones will 
be an intermediate one which will contain at times a mixture of 
combustible matter from the food and oxygen bearing matter 
from the outer zone. If conditions were favorable, there would 
be continuous combustion in the intermediate zone and a con- 
tinuous release of energy. We will suppose, however, that there 
are such variations in the supply of food and of oxygen, that 
there will be periods of combustion and energy release alternating 
with periods of rest. After further development, we will 
suppose that there are periods in which oxygen bearing matter 
is partly mixed with combustible matter but not combined 
chemically. The oxidation after one of these periods will be 
more rapid. There will be, therefore, a greater release of energy. 
After the oxidation period, there will be a period during which 
the oxidized products are passing away. 

To justify the assiunptions we have made regarding combus- 
tion, let us note that it is quite possible on one hand to have such 
a meeting of carbon bearing compounds with oxygen bearing 
compounds that a continuous combustion will take place without 
the aid of heat of great intensity. It is quite possible on the 
other hand, to have a mixture of carbon bearing compounds 
with oxygen bearing compounds such that combustion will 
not take place without an igniting impulse of some kind. By 
way of illustrating this situation, take as an example, a mixture of 
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air and gasoline vapor. There will be no combustion at moderate 
temperature. An electric spark, however, will ignite the mixture 
and a rapid combustion will occur. The resulting explosive 
action may be viewed as a response to the stimulus of the spark. 
We assiune that likewise, there can be a mixture that will not 
react until there is an exciting impulse and that this impulse is 
of a different character from an electric spark but sufficient to 
provoke combustion in such a mixture. 

We see then that in the intermediate zone by degrees, a 
development will be reached where there will be at times oxida- 
tion of an explosive nature with release of energy followed by 
an escape of the products formed. Thus we have the beginning 
of movement. 

Let us say that a part of the outer zone is concerned in the 
movement. This part will naturally be located where it is 
most exposed to changes in light or heat. Let us note here, 
that when a movement takes place in part of an organism, the 
other parts will be more or less affected by it. We will assume 
then that the movement causes changes in the adjacent passive 
parts that serve to facilitate later movements. For example 
each movement may promote the oxidation processes by bringing 
more oxygen within reach of the organism. In some such way 
each movement may come to prepare the way for a succeeding 
movement. 

Now, the release of energy that we are considering, while it is 
of an explosive nature is of course, not the same as an explosion 
of gunpowder or of gasoline vapor. It is a rapid rearrangement 
of atoms in the molecular pattern. We do not know just what 
the changes are^ but we know that movement takes place and 
without much heat. It is not, therefore, combustion in the ordi- 
nary sense. To avoid misunderstanding, let us hereafter use the 
term "eruption'' to express a chemical reaction with release of 
energy. There is reason to think that these reactions are of an 
electrical nature ; in some cases at least.^ We will therefore agree 
that the term eruption covers electrical as well as purely chemi- 

*Wm. M. Baylies, Principles of General Physiology. London and New York, 
1920, p. 183. 
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cal reactions. Let us abo use the term ''surcharged mass" to 
express a mixture that is explosive or unstable, i.e., it con- 
tains both oxygen and combustible matter in proper propor- 
tion so that a certain kind of shock will produce an eruption. 

Let us now suppose that the intermediate zone contains a 
surcharged mass. Presently comes a disturbance from the 
environment which excites a reaction at the nearest point of 
the mass. The reaction beginning at this point is communicated 
through the entire mass. The eruption spreads from point to 
point like the burning of a powder train until the entire sur- 
charged mass is mobilized. 

We must suppose that when an atom of oxygen goes into 
combination, the energy released is of such form that it will 
excite adjacent atoms of oxygen into similar combinations. In 
the case of a gas engine we know that the heat produced by 
one atom of oxygen that combines, will cause adjacent atoms 
to enter into combination. The rise of temperature is very 
great. Heat starts combustion and combustion produces heat. 
In the organism we will say, eruption causes chemical reaction 
and chemical reaction produces eruption. When the first 
dynamic movement is made in the body of the chick in the shell 
we may believe that the reaction is of the primitive natxire above 
described. We have now demonstrated the beginning of animal 
movement. This important step being made, we see that the 
next need of the organism will be means to control movement so 
as to adapt it to changes of environment. 

By giving further thought to the matter, we perceive that it 
would be a great advantage to the organism if a certain kind of 
membrane should be evolved or developed that would act as 
a blockade against excitation. At the same time, it would per- 
mit the passage of combustible matter or oxygen or a mixture 
of the two. We might now have a surcharged mass on both 
sides of the membrane. We see then that an excitation of the 
mixture on one side of the membrane would start an eruption 
which would be arrested when it reached the membrane. After 
the reaction, which we will say is on the inner side of the mem- 
brane, we will suppose that the products of combustion will filter 
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out through the membrane and a new supply of explosive mixture 
will filter in through the membrane so that in time the matter 
on the inner side will be ripe for a second eruption or reaction. 
Let us for convenience term such a membrane as this a ''check 
wall" 

Let us next suppose a surcharged mass that is surrounded 
and enclosed in a check wall and that on the outside of the check 
wall is another siu'charged mass. Now if an eruption is excited 
within the inner mass, it will mobilize the entire inner mass 
but the mass outside of the wall will not be mobilized. The 
chemical reaction will be confined within the check wall. We 
will suppose that the eruption produces movement and expansion 
and that the check wall itself is made to move and that this 
causes some movement in the outer surcharged mass. After the 
eruption within the check wall there will be a period of shrinkage 
during which the excess products of combustion pass out through 
the check wall. There will then be a final period during which 
oxygen and combustible compounds pass in through the check 
wall and the remaining products pass out. A fresh surcharged 
mass will thus be formed ready for a second eruption and so com- 
pleting a cycle. Let us call such a mechanism a ''motor unit." 

In order to be effective a motor unit must be so placed in the 
organism that it is somewhat protected from the environment so 
that as a rule there will be suflScient time for recovery between 
eruptions. Let us bear in mind that every motor unit is in 
such a protected position that energy is supplied infrequently 
only. 

It is fair to assume that each motor imit is strengthened by 
exercise, for the movement in the outer surcharged mass as 
the result of an eruption within the unit, may be assiuned to 
aid in the removal of products of combustion and the bringing 
up of fresh stores of oxygen and combustible matter. 

We now have a mechanism for the release of energy. To make 
it more effective, we will suppose that the motor imit is provided 
with an outer enclosing membrane so disposed that an increase 
in volume within, causes a shortening in length such as we ob- 
serve in contractile fibers. Remember now that a motor unit 
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is supplied with fuel and oxygen from its own environment and 
it is so insulated that time is allowed for its mass to become 
surcharged. 

Let us note again regarding the eruption in the motor unit 
that we do not know its exact nature. It is not a high tempera- 
ture operation such as the explosion in a gas engine. It is a 
rearrangement of molecules with release of energy, partly as 
dynamic movement and partly as heat. It requires oxygen and 
carbon bearing matter. To do work, an animal niust have air 
and food and carbon dioxide is always produced when work is 
done. In the higher animals, the arteries convey oxygen and 
combustible matter to the contractile tissues. The veins carry 
away the carbon dioxide formed in these tissues. In other 
words, we find that oxidation takes place in the tissues where 
energy is released. Our theory of the motor unit is therefore, 
well founded. 

Let us now think of a niunber of 'motor, imits connected 
together in such fashion that the eruption of one unit will be 
communicated to the adjacent units until all are discharged 
while at the same time the group as a whole is protected from 
environmental disturbance for the greater part of the time. Let 
us call such a group of motor units a ''motor group." 

Let us next suppose that a stalk like structiu'e is evolved in 
the intermediate zone. It would consist of a check wall in 
tubular form with a core of surcharged mass within the wall 
and a ring of surcharged mass around the tube. One end of the 
tube would lie at a point exposed to disturbance from the en- 
vironment. At every disturbance an eruption would start 
at this end of the tube and be communicated to the other end. 
The tube would then contain the eruption products. In a short 
time, however, the eruption products would filter out through 
the check wall and a fresh supply of surcharged mixture would 
filter in so that the tube would be all set for a second eruption. 
For convenience, let us call the arrangement a '''signal line." 
When there are such an immense munber of forms produced 
in a plant life there is nothing improbable in the formation of a 
signal line as above described. It is also true that if the signal 
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line should prove advantageous to the organism, it would become 
hereditary by natural selection. We may suppose further, 
that by aid of natural selection the signal line would become 
longer and longer. It might be that the tubular check wall 
would become narrower and narrower with succeeding genera- 
tions as with the narrower tube, the recovery after an eruption 
would be more rapid and eruptions could occur with greater fre- 
quency. 

We have described two primitive structiu'es, the motor unit 
and the signal line. In each case we have a sort of reaction 
channel. We may suppose that a segregation takes place so 
that the channel makes its own parts just as the Mississippi 
makes its own alluvial banks. The reaction channel is like a 
river in another way, viz. : The stream is fed by munerous springs 
in its bed and banks and the surcharged mass of the reaction 
channel is fed by an inflow of fresh supply through the check w 11. 

No doubt, you perceived some time back that the contrac- 
tile fibers found in animals are the same things as the motor 
groups in our demonstration and the nerve fibers in animals 
are the same things as the signal lines in the demonstration. 

To proceed let us suppose a motor group that is connected 
to one or more signal lines. An eruption in the line will serve 
to excite the group. We see the combination is suitable for a 
behavior operation in which a stimulus from the environment 
provokes a movement of the organism. We may say this marks 
the first important advance above the plane of vegetation. 

It is obvious that such a combination would usually be a 
distinct advantage to the organism in the struggle for existence. 
We may reasonably suppose that when the motor group reacts, 
it produces certain changes in the organism that are favorable to 
subsequent reactions. In other words the motor group will 
be strengthened by exercise. After a movement, an increase 
in combustible matter may be had and also an increase in 
the oxygen supply. 

We may suppose that the process of natiu-al selection would 
tend to preserve the motor group signal line system. It would 
also tend to improve the system step by step by variation and 
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survival of the fittest. For instance, we can see how primitive 
Bense organs might be formed. The parts of the organism ad- 
joining the signal line might be modified so as to protect it 
from all but certain forms of energy. For example the primitive 
ear would be protected from chemical stimuli and from light 
and heat and impact but would still be open to stimuli from sound 
waves in the environment. The primitive eye would be pro- 
tected from sound waves and heat and chemical stimuli but 
would be open to stimuli from light. The primitive olfactory 
organ would be protected from sound and light and heat but 
would be open to certain chemical stimuli such as are carried 
by the air. The evolution of bony structures would naturally 
aid in the evolution of sense organs as they would protect the 
sensitive mechanisms from impact from the environment. 

In this connection let us remember that the motor group 
signal line system in its simplest form would enable a larger 
organism to compete successfully with a smaller one. In very 
smaU organisms the internal activity is directly affected by 
the environment.' A very small animal may have a simple 
structure and yet respond quickly to change in environment. 
Large plants respond slowly to change, having no mechanism 
for rapid communication. 

The next important step in evolution that we will consider 
is when two motor groups occur in opposition so that the shorten- 
ing of one group will lengthen the other. Let us for convenience 
call this arrangement a ''paired motor group." It is something 
like a double acting steam engine. The advantages are obvious. 
The passive lengthening of the one group will be favorable to 
the quick removal of the excess products of its last eruption 
and will thus prepare it for a new eruption. The system could 
by easy stages become more and more effective. 

Let us now suppose the system so perfected that an environ- 
mental disturbance of unit strength will cause the ignition of 
one-tenth of the motor units in a certain motor group and that 
a disturbance twice as strong will cause the ignition of two- 

'E. A. Kirkpatrick, Genetic Psychology. MacmiUan Co., New York, 1909, 
p. 87. 
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tenths and so on in proportion so that the number of units 
ignited is in proportion to the strength of the igniting disturbance 
up to a certain limit. There would have to be a multiple signal 
line for the system. We see that the amplitude of the move- 
ment of the motor group as a whole, would be graduated to suit 
the strength of the exciting disturbance in the environment. Such 
a motor mechanism might well be of great advantage to an 
organism. 

There are many ways in which motor groups might be differ- 
entiated with advantage to the animal in the course of evolution. 
The evolution of cartilaginous and bony structures in connec- 
tion with paired motor groups would aid in the development 
of such groups. 

Let us not overlook the fact that as the species develops, the 
environment of the individual also develops. At the stage 
when organisms first had sense organs and signal lines, their 
social environment became a factor in their continued develop- 
ment. A change in the environment of one individual might be 
communicated to another individual and result in movement of 
the latter. Such operations were probably of some value for 
the adaptation of the species concerned. 

The foregoing explanation of the development of nerve mus- 
cle mechanisms would be more convincing if we had working 
models. Fortunately one very good model is found at hand 
in the modem kitchen. In the gas cooking stove there are 
perforated pipes. When the gas valve is opened a mixture 
of gas and air escapes from the perforations. You touch a 
match to the nearest jet and a flash will run along the pipe. 
Close the valve and open it repeatedly. There will be no flash 
unless you hold the match to one of the jets. Whenever one 
jet is lighted, the flame runs the length of the pipe. The opera- 
tion we see is much like that in a signal line as. specified in our 
demonstration. The principal difference is that in the case 
of the stove, the surcharged mass as it were, is ignited on the 
outside of the tube while in the case of the signal line, the 
eruption is confined within the tube or check wall. 
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Our explanation has now reached a stage where nerve muscle 
mechanisms are fairly established. One way to test our theories 
is to try to go farther with them. Let us see if we can explain 
a further development of mechanisms such as are employed in 
behavior that can be called intelligent. We may say we have 
reached the dawn of intelligence. Let us go farther in the 
direction of greater intelligence. Supposing our organism to be 
provided with such mechanisms as signal lines and motor groups, 
whiatt do you think would be the next betterment to transpire? 

Suppose the check wall of a signal line to be modified at a 
certain point so that it will sometimes pemiit the passage out 
of the impulse. Suppose the structure to be such that a single 
eruption on the inside will not pass through but will modify 
the check wall so as to weaken its resistance. A succession of 
eruptions will break through. The structure acts as a gate 
that is closed to a single impulse but is open to a succession of 
impulses. Now suppose an incoming signal line coining from 
a sense organ to be joined to an outgoing signal line that leads 
to a motor group. At the point of junction, we will suppose, 
there is a gate like structure as above described. We see that 
a single eruption in the incoming line would be arrested at the 
gate but a second or third eruption might pass through. We 
will make a further assiunption that after the passage of an 
eruption impulse the way will gradually close up again so that 
it will soon return to the original state and be closed against a 
single impulse. It is not unreasonable to assiune that such a 
modification of the check wall as this could occur. 

Let us for convenience call this connecting structure between 
two signal lines a ''line junction.'' Bear in mind that after 
a period of rest, a single eruption will not pass through a line 
junction but several eruptions within a short time will open the 
junction and cause an eruption in the second signal line. 

Now let us suppose another kind of a junction between two 
signal lines that operates quite dififerently from the ''line junc- 
tion." We will term such a junction a "guard junction." It 
is so constituted that a single impulse will pass through but 
any impulse following soon after it will be arrested. After a 

COUPASATIYS P8TCHOLOOT, VOL. X, MO. 6 
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certain lapse of time, a new impulse can pass through. We 
see that in operation the guard junction is the reverse of the 
line junction. 

We will now consider a signal line as modified in another 
fashion. Suppose we have a forked signal line so that there is 
a main or trunk line and two branch or tributary lines. We 
will further suppose that each tributary line begins at a guard 
jimction. We see that the same tributary can not bring two 
impulses in close succession but an impulse may come from 
the second tributary right after an impulse from the first tribu- 
tary. There will be two impulses in succession in the trunk 
line if the two branch lines are discharged in sequence. The 
two eruptions in succession can only occur by the co-operation 
of the two branch lines. Let us call such a system as this an 
''association line." 

Let us now suppose a new combination. We will have an 
association line where the trunk line terminates in a line junc- 
tion that joins it to a "motor line" that leads to a motor group. 
We see that if an eruption occurs in one of the branch lines, 
the impulse will be conducted through the trunk line to the 
line junction where it will be arrested. If, however, it is followed 
by an eruption in the second branch line, this latter impulse 
may successfully pass through the line junction and produce 
an eruption in the motor line that will be conducted to the 
motor group where a movement will be provoked. After this 
occurrence, the line junction will remain open for a time and 
we perceive that if the guard junctions permit, an impulse 
from one branch may pass through and make a movement at 
the motor group. 

Looking at such a system from a different angle, we find 
that line junctions and guard junctions may be regarded as 
points of high resistance to the passage along signal paths, of 
eruption impulses. 

If you think the matter over, you will perceive that an associa- 
tion line as above described will be an efifective instrument for 
intelligent behavior. When the first association line transpired, 
there was the beginning of learning. The association line is an 
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essential mechanism for associative memory. Let us think of 
a special case. Suppose one branch of an association line 
connects with an olfactory organ and one branch, with an organ 
of taste. After proper experience, an impulse excited in the 
olfactory organ may cause the same movement as an impulse 
coining from the taste organ. 

It should be remembered that in the animal organism there 
would be a niraiber of similar association lines that would act 
together. Note also that some signal lines will have diverging 
branches leading to different motor groups. Each branch will 
have its junction with a connecting signal line. Thus we get 
diverging paths for eruption impulses. Such paths are of ob- 
vious utility for selective responses. An exciting change at 
one sense organ may produce an eruption in two or in many 
association lines.^ 

Having thus outlined the evolution of mechanisms for associa- 
tive memory, let us go still further and seek an explanation of 
mechanisms which serve to register changes in the environ- 
ment of the subject and of how these mechanisms are evolved. 
In the primitive organism before nervous mechanisms existed, 
there were no doubt molecular changes in response to changes 
in the environment. A change of temperature for example, 
excited a certain molecular response. A change in light condi- 
tions excited a different molecular response. There was a 
characteristic response for sound waves and another for chemical 
changes in the medium in contact with the subject. In other 
words the organism was sensitive to heat, light, soimd and 
chemical changes. In plants we find today a similar sensitivity 
except in the case of sound. As the organism developed in 
structure, sense organs were evolved as we have already indi- 
cated. Signal lines also were evolved leading from the sense 
organs. 

Now we will suppose that ''signal centers" were evolved along 
with the signal lines. When an igniting impulse began in a 

^The functions of association nerve paths and diverging nerve paths are dis- 
cussed by the writer in the following articles in the Psychological Review, The 
effect of high resistance in common nerve paths, 1916, 23, 231-236. Compound 
substitution in Behavior, 1917, 24, 62-73. 
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sense organ it was propagated along the signlJ line to the signal 
center where it provoked a certain molecular response. We 
will assume that this response was of variable quality and that 
the particular quality was determined by the quality of the 
disturbance in the environment. By way of explanation we will 
state that in the primitive signal line, the eruption would have a 
quality depending on the form of energy in the environmental 
disturbance which excited it. For instance, a change of tempera- 
ture would cause an eruption of a certain quality. A change in 
light conditions would cause an eruption of a different quality. 
In other words, the molecular movement or response would be 
different for light and heat. We will say that as the signal lines 
developed they gradually became more and more alike but 
that the signal centers retained there correspondence with the ori- 
gin of the eruptions reaching them. Where a heat receptor was 
developed at the outer end of a signal line, a heat center was 
evolved at the inner end. Where a light receptor was developed 
at the outer end, a light center was evolved at the inner end. In 
the same way were evolved centers for sound and chemical 
changes and for impact or pressiu:e changes. As a result, the 
response in every signal center would have a certain correspond- 
ence to the form of energy that provoked it. Every signal center 
we see, became a registering mechanism. 

Let us proceed by supposing two signal lines connected in 
series, each line having a signal center and the signal center of 
the first line which we will call A being connected by a line 
junction with the outer end of the second line which we will call B. 
We will assmne that the molecular response in center B is always 
of the same quality as that in center A. If A is a light center B 
is a light center. In the same way we could have a nmnber of 
signal lines in series so as to form a long path for eruption impulses. 
The signal centers would be stations on the path and each center 
would respond in turn and pass the signal along to the next one. 
Let us now suppose that at the inner end of the path there is a 
''head center." We will also suppose that all the head centers 
for light are grouped together and all the head centers for sound 
are grouped together and so on. Every sense organ will be 
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in communication with its head centers and a change at any 
sense organ will be simulated in its head centers. All changes 
in the environment will be registered in the head centers. 

To present the matter differently, we will say that certain 
signal centers are timed to sound and so when eruption is excited 
in them the molecular response is the same as if soimd waves 
had penetrated the centers, while certain other centers are 
tuned to light and so when they are excited, the molecular 
response is the same as if a ray of light had penetrated these 
centers. We observe that the process in a signal center for 
sound in effect reverses the process that occurs in the auditory 
sense organ. The process in a signal center for light reverses 
the process that occurs in the visual sense organ where the 
eruption has its beginning.'^ 

To illustrate further, it would not be unreasonable to suppose 
that in a heat center there is an actual rise of temperature like 
a little fever at each eruption; that in a center for smell or taste, 
a secretion or a chemical change is provoked by an eruption; that 
in a tactile center, there is an actual dynamic movement such 
as a tiny swelling, at each eruption. 

The result is something like the strings of a musical instru- 
ment where each string gives when struck, a particular note. 
The development of registering mechanisms in the manner out- 
lined might be of some aid in adapting the organism to its 
environment and so it would be preserved by natural selection. 

Limitations of space will not permit a full discussion regarding 
molecular responses and molecular structure as required for our 
assumptions covering registering mechanisms. In a general 
way we make the assumption that animal matter can vary suffi- 
ciently in molecular structure to give enough variation in quality 
of molecvdar response to provide for such correspondence be- 
tween signal centers and environment as represented at the 
sense organs, as will suit our demonstration of registering 
mechanisms. 

*The writer has previously outlined the theory used here in his article Com- 
munication, correspondence and consciousness, Psychological Review, 25, 344. 
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Xn the preceding discussion we have traced the development 
of nerve muscle mechanisms. We have used special names for 
the different structures that were developed. It may make 
the whole matter clearer to you if we compare these special 
terms with equivalent terms in general use regarding the nervous 
system in man and animals. The structure termed a signal 
Ime will be recognized as the equivalent of a nerve fiber, etc. 

Eguwalent terms 

Signal line Nerve fiber 

Motor group Muscle fiber 

Line junction Synapse 

Guard junction Synapse 

Association line Association nerve fiber 

Signal center Nerve center or spinal center 

Head center Brain center or cortical center 

To those not familiar with the terms in the second column 
it should be said that the sjmapses are the junctions between 
nerve fibers and are thought by some authorities' to have variable 
resistance to the passage of impulses. 

The mechanisms of the higher mental processes and the 
higher brain centers are located by authorities among the nerve 
cells in the cerebral gray matter known as the cortex. When a 
man is thinking, the brain cells in the cortex are in activity. 

Some readers may be given a better grasp of the subject if a 
diagram is given to represent the different structures referred 
to in the preceding discussion. Figure 1 is such a diagram. The 
arrows indicate the direction of the eruption wave. 

It is quite obvious that in tracing the development of nerve 
muscle mechanisms, we must keep in mind the evolution of 
other organs and the evolution of the individual as a whole. 
As an illustration, we know that at one stage of evolution, the 
highest form of animal was like a caterpillar, made up of a 
chain of similar segments. Each segment had a certain indi- 
viduality of its own. The nerve muscle mechanisms of each 
segment were imder separate control to some extent. Each 
segment had its own segmental head centers. Signal lines 

•W. B. Pillsbury, Essentials of Psychology. New York, 1912, pp. 50-55. 
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II I I'l Ml 

Fig. 1. DiAGBAM Showing Diffebbnt Stbitctubbs 

S, sense organ; L, signal line; R, signal center; Hy head center; D, diverging 
line; A, association line; Jy line junction; M, motor group; C, head center area. 
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connected the segmental head centers. This accounts, we 
observe, for the nervous architecture of vertebrate animals 
with its spinal system of nerve centers. 

Taking a brief review of our demonstrations, we see that the 
primitive organism reacted to changes in its environment. The 
responses were in the form of molecular changes not confined 
to definite areas. It came about that the intemuttent release 
of energy in molecular changes in certain areas, produced move- 
ment. Periodic energy releasing cycles causing movements were 
established. It only remained to develop structures which would 
confine energy releasing changes to more prescribed areas. In 
this way arose motor organs, paths of communication and sense 
organs. Further differentiations and development produced 
structures that served to condition responses so that behavior 
was determined by individual experience. Along with the 
differentiation of sense organs there came also a differentia- 
tion of areas having special sensitivity, giving mechanisms 
that register in correspondence with the environment. It 
is by means of such mechanisms that a man is conscious of his 
environment. 
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NOTES ON LIGHT DISCRIMINATION IN THE DOG* 

CALVIN P. STONE 
From the Psychological Laboratory oflruliana University 

I, INTBODUCTION 

1. Statement of problem. This investigation was undertaken 
for the purpose of determining the threshold of brightness 
discrimination in the dog. The threshold is arbitrarily defined 
as the least difference in illumination of a standard and a variable 
light which the dog can discriminate without error in thirty 
consecutive trials. 

S. History of the present study. The study was conducted in 
the Psychological Laboratory of Indiana University during 
the year 1915. Four dogs were used at the outset of the experi- 
ment: a thoroughbred cocker spaniel, age three and one-half 
years; two thoroughbred fox terriers, age four months at the 
beginning of the experiment; and a mongrel, about six years of 
age. Soon after the experimental work was initiated the cocker 
spaniel contracted a severe case of distemper which made him 
useless for further study. The mongrel failed to form the 
discrimination habit and, finally, after a long period of fruitless 
training, was discarded. The results to be presented herein 
were taken, for the most part, from the study of the fox 
terriers, which proved to be fairly satisfactory subjects. 

Following the work with the dogs, ten hxunan subjects were 
tested in the discrimination problem under conditions of dis- 
crimination similar to those set up for the dogs. The results 
of only three of them are relevant to this study. From these 
tests comparative data on the limits of discrimination were 
obtained* 

> This study was suggested and directed by Dr. M. E. Haggerty, to whom I am 
indebted for the use of technique and apparatus devised and employed by him 
in an unpublished study of light discrimination in the dog. 

413 
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S. Previous studies in discrimination in the dog. Vision in the 
dog has been studied more extensively than any other sensory 
function. Experiments have be6ri conducted to test its ability 
to discriminate colors, brightness diflferences, size, form, and 
patterns. 

In many of the early studies on color vision in dogs the ex- 
perimenters failed to diflferentiate brightness from hue; hence 
conclusions drawn as to the presence or absence of color vision 
are unreliable. The studies of Graber,* Gates,' Himstedt,* and 
Nagel are subject to this criticism. 

Colvin and Burford,* attempted to control the brightness 
factor in testing for color vision, but their control rests on the 
assumption that the colored papers used have the same bright- 
ness values for the dog as for man. The validity of this assump- 
tion has been questioned by other experimenters because of 
the lack of experimental data to substantiate it. Their results 
which indicate that dogs unquestionably discriminate colors 
and that they have remarkable keenness in fine color discrimina- 
tion are, therefore, inconclusive in the absence of adequate 
control of the brightness factor. 

Probably the best study that has been reported on color 
discrimination in the dog is that of Smith.* In this investi- 
gation the brightness factor was controlled by using colored 
papers of equal brightness as tested by the flicker method. 
Seven dogs were used in the experiment, but only one com- 
pleted the whole series of tests. Zinmiermann's colored papers 
and Nendel's grays were used as stimuli. From the results 
of the study Smith concludes that the dogs seemed to have a 
very imperfectly developed sensitivity to color differences: and 
that, owing to the rudimentary character of this sensitivity and 

'Graber, Vitus. Grundlinien zur Erforschung des Helligkeits und Far- 
bensinnes des Tiere. 

•Gates, Elmer. The Science of Mentation. 

* Himstedt, V., and Nagel, W. A. Verauche Ober die Reizwirkting verschie- 
dener Strahlenarten auf Menschen und Tieraugen. 

•Colvin, S. S., and Burford, C. C. The Color Perception of Three Dogs, a 
Cat, and a Squirrel. 

• Smith, E. M. Some Observations Concerning Color Vision in Dogs, p. 119. 
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the instability of reactions to colors, this sensitivity can play 
only an imimportant or secondary r61e in the life of the dog when 
other factors such as brightness or position are operating. 

Orbeli,^ using the method of Pawlow, found no evidence to 
support the belief that dogs can discriminate on the basis of 
color. 

Up to the present time studies on the keenness of bright- 
ness discrimination have given us only a vague idea of the 
degree of sensitivity of the dog's eye to differences in bright- 
ness. Discrimination of gray papers has proven to be too 
crude a method for establishing threshold values, although it 
serves very well to demonstrate the fact that the dog can dis- 
criminate readily on the basis of brightness differences. Field 
observations also substantiate the view that the dog is sensi- 
tive to slight changes in brightness and indicate that this sensi- 
tivity plays an important r61e in the daily life of the dog. 

Pattern discrimination has recently been tested by Johnson* 
by means of a modified form of the Yerkes-Watson brightness 
apparatus. The results of his experimental work were incon- 
clusive; the experimenter thinks, however, that the dogs indi- 
cate a low degree of sensitivity to details in pattern. 

The chief facts that have been gathered by the various kinds 
of experimental work in discrimination in the dog may be briefly 
summarised as follows: Contrary to popular opinion, the dog 
possesses only very rudimentary sensitivity to colors and depends 
very little, or not at all, on color distinctions in daily life. The 
dog readily detects slight differences in brightness and is able 
to discriminate between objects differing only in form and in 
size. The dog is probably not highly sensitive under laboratory 
conditions of experimentation to details of pattern such as those 
presented by the Johnson-type of experiment. 

II. TECHNIQUE 

1. Description of apparatus. The apparatus used to test the 
discrimination of dogs consisted of two parts: the Yerkes-Watson 

^Orbelli, L. A. Reflexes conditionnels du c6t^ de Poeil chez le chien. 
• Johnson, H. M. Visual Pattern-Discrimination in the Vertebrates. 
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brightness apparatus;* and a control box" essentially similar, 
in general plan, to that described by the authors, but built 
especially for the testing of dogs and adapted to the needs of the 
present experiment. The plan of the control box is shown in 
figure 1. 




FiQ, 1. Control Box 

The frame of the box is rhomboidal in shape with its non- 
parallel sides equal in length. Its sides, partitions, and frame- 

* Yerkes and Watson. Methods of Studying Vision in Animals. 
>* Devised and used by Dr. M. E. Haggerty. Study unpublished. 
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work or cover are made of white pine lumber; the floor, of 
seasoned wahiut. The top and front wall are covered with one 
half inch mesh wire netting. A heavy black broadcloth screen 
is interposed between the experimenter and the front of the box 
to prevent the dog from seeing the former dming the time of 
discrimination. All parts of the box are painted with oil and 
lampblack of a dull velvet black shade. Light reflected from 
the walls of the cage is barely perceptible to the human eye. 
With less than 1 c.p. difference in the illxunination of the two 
light windows, however, the difference in the amoimt of reflected 
light in various parts of the cage is wholly imperceptible to the 
human eye. 

On the floor of the box is a punishment grill consisting of 
oxidized copper wires stretched parallel with each other. These 
wires are attached at one end to the wooden framework of the 
floor of the box and at the other end to a steel plate extending 
along it. At each end they are alternately attached to the wood 
and to the metal plates. The plates are in circuit with the 
terminals of an induction coil whose primary is connected with 
a storage battery. A switch placed in the circuit at a point 
convenient for operation by the experimenter enables him to 
give a slight electric shock to an animal standing on the grill 
at any place in the control box. The floor of the box is covered 
with velvet black broadcloth, the surface of which reflects very 
little Ught. 

The control box is divided into four compartments: a start- 
ing comp^-rtment (C); a discrimination chamber (Ci); and two 
alley-ways (A and Ai). By way of the latter, the dog may 
return to the starting compartment after leaving the discrimina- 
tion chamber. The entrance to the starting compartment 
from the alley-ways ii^ controlled by Doors Di and D2. En- 
trance to the discrimination chamber is effected through the 
doorway at D, Here there is a sliding door made of a heavy 
metal plate enclosed in a wooden frame. When the metal 
plate, which, in place, completely obstructs the passage way, 
is released it sinks noiselessly in its frame to a position beneath 
the floor of the box. Partition prevents rays of light from the 
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two light windows L and Li from mingling until at a distance of 
approximately 20 inches from the windows. This partition 
fijbs snugly against the stimulus adapter of the light box and 
stands midway between the windows. 

2. Calibration of lights. The light sources in the light box 
were 225-Watt, 110-volt Mazda lamps. Throughout the inves- 
tigation a constant voltage of 105 was maintained. The 
intensity of illumination of one of the two light windows was 
held at 1 c.p. (Hefner units). In the discussion that follows this 
window is referred to as the standard light. The other window 
was always illxmiinated with an intensity greater than 1 c.p. and, 
in the course of the experiment, was changed by small amounts 
so that its intensity, with each adjustment, more nearly approxi- 
mated that of the standard light. To this window the name 
variable light is given. During each discrimination trial the 
light window on one side of the light box was illuminated with 
an intensity of 1 c.p. ; on the other side the window was illumi- 
nated with an intensity somewhat greater. 

By the use of a Leonard-Weber photometer" the position was 
determined for each lamp in the light box at which it illuminated 
the light window with an intensity of 1 c.p. in a perfectly dark 
room. With this position known for each lamp, it was then 
possible to calculate, by the usual photometrical formula, the 
position that would illmninate the window with any other de- 
sired intensity. From time to time the intensities of the light 
windows was determined to guard against slight changes in 
the intensities of the light sources arising from deterioration 
through use. 

S. Training the dogs to discriminate. A great deal of care and 
time was devoted to the early training periods in order to estab- 
lish stable habits of discrimination. The success of such experi- 
ments ivith animals depends in large measure upon the persistence 
of discrimination habits when the brightness differences are small 
and therefore not easily discerned. 

The first step in the training process was that of teaching the 
dog to make, inunediately upon the release of the door at D 

" Stine, Wilbur M. Photometrical Measurements, p. 80. 
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(see fig. 1) a circuit — leaving the starting compartment, going 
through the discrimination chamber, into one of the alleys, 
and thence returning to the starting compartment. While 
this habit was being formed the illumination of the light windows 
was kept identical. All lights in the room were turned off and 
such noises as those made by the shifting of apparatus and the 
induction coil were introduced at this time in order that the dog . 
might become thoroughly accustomed to them. 

When this habit was thoroughly established, the lights in 
the light box were so adjusted that the illumination of the light 
windows presented a marked difference in intensity — approxi- 
mately 35 c.p. The dog was then trained to go to the alley on 
the side of the darker light. The doors at Di and Da were 
opened to allow his return from the alleys to the starting com- 
partment only on the side of the standard light. When he chose 
the wrong alley he was punished by means of the grill and made 
to turn back and enter the alley on the side of the standard light. 

The standard and the variable lights were shifted from side 
to side according to a rather complicated schedule made out in 
advance of the training and followed throughout the study. The 
order of shifting was of such complexity that the animal could 
not learn this order and thus avoid the necessity of discrimina- 
tion in making the correct responses. Table 1 gives the order 
of tests used. The trials were given in series composed of fifteen 
tests. A complete set of trials consisted of twelve such series 
so arranged that the standard and the variable lights appeared 
an equal number of times on either side. When a complete 
set of trials had been given, the set was repeated, beginning with 
the first series and ninning through the entire set as before. 
Each day, excepting Sunday, from two to three series (30 to 
45 trials) of tests were given each dog. Testing was usually 
done between the hours of 2 and 5 p.m. 

Care was exercised to prevent the animal from detecting the 
position of the standard and the variable light on any basis 
other than the difference in illumination. The experimenter 
was not visible to the dog while discriminations were being made. 
Noises involved in the shifting of the lights was reduced to a 
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minimxiTn, and, prior to each trial, the same amount of shifting 
was done whether or not the actual positions of the lights were 
changed. To insure thorough darkness adaptation the dogs 
were confined in the dark room for a period of from ten to fifteen 
minutes before the first discrimination test was given. 

After the animal had perfected the habit of choosing the 
alley-way on the side of the standard light so well that thirty 
consecutive errorless discriminations were made, this habit 
was employed in finding the threshold of discrimination. The 
lamps in the light box were so placed that the intensity of the 
variable light was 3 c.p. giving an intensity difference of 2 c.p. 
between it and the standard light. The dogs were required to 

TABLE 1 

Poaiiian of the standard light during 180 truiU 
L " Standard light on left side. R » Standard light on right side 
ELRRLLRLRLLRRLR 
LRLLRRLRLRRLLRL 
RRLLRLRRLLRLRLL 
LLRRLRLLRRLRLRR 
RLRRRLLLRLRRLLR 
LRLLLRRRLRLLRRL 
RRLLRRLLRLRRLLR 
LLRRLLRRLRLLRRL 
RLRRRLLRRLLLRLR 
LRLLLRRLLRRRLRL 
RLRLRRLLRRLLLRR 
LRLRLLRLLLRRRLL 

choose the alley-way on the side of the standard light as in the 
preliminary training period and were punished (electric shock) 
for failures. They were required to make consecutively thirty 
errorless discriminations before proceeding from one problem to 
another problem in which the difference in the illumination of 
the two lights was somewhat reduced. They worked independ- 
ently and were given problems involving a lower discriminable 
difference as soon as a given problem had been completed. 

III. RESULTS 

1. Fixation of discrimination habit. Table 2 gives a summary 
of the trials and the responses given by the mongrel and the 
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two fox terriers during the training period required to establish 
the habit of discrimination. 

The young female showed evidence of discrimination after 
approximately 225 trials, but 150 additional trials were re- 
quired to so perfect the discrimination habit that thirty consecu- 
tive errorless choices could be made. The young male re- 
quired more trials than the female before signs of discrimination 
appeared. The first clear evidence of his discrimination came 
after 345 trials. There were given 210 additional trials before 
thirty errorless choices were made. The mongrel failed com- 
pletely to give signs of discrimination during 720 trials. A few 
days after training was begun, he showed a tendency to go to 
the left alley irrespective of the position of the standard light. 
This tendency became habitual and persisted until the course of 

TABLE 2 
Summary of truds given leading to the fixation of the discrimination habit 



NATION 
DlfTBRBNCB 


ANIMAL 


TOTAL 
NXTIfBKB 
or TRIALS 


BtOBT 
CHOICES 


WBONG 
CHOICES 


WBONO ON 
BIGHT 


WBONO ON 

LETT 


FEB CENT 
OrBBBOB 


35 c.p. 


Young female.. 
Young male . . . 
Mongrel 


376 
655 
720 


264 

361 
369 


111 
194 

351 


55 

143 

63 


56 

61 

288 


29.8 
35.0 
48.7 



training for this animal was ended. The persistence of this 
leftraUey habit resulted in a relatively larger number of errors 
on the left side than on the right side, as is shown in the table of 
errors of this animal. Of a total of 351 errors, 82 per cent were 
made by his going to the left alley and only 18 per cent by 
going to the right side. An alternation habit or random choice 
without discrimination would have resulted in approximately 50 
per cent of the errors being made on each side. 

It was necessary to give a large number of trials to the young 
animals after the first evidence of discrimination was manifested 
before thirty consecutive errorless choices were made. The 
records for the last 150 trials for each of the three dogs is given 
in table 3. An average of approximately one error for each 
series of 15 trials was made during the last ten test series in 
the case of the yoimg animals. The number of errors during the 
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TABLE 8 
Records of the laat 160 triaU 



Young female 
Young male. . 
Mongrel 



NT7MBEB 
OrnUALS 



150 

150 
150 



RIGHT 
CHOICES 



139 

140 
182 



WBONO 
CBOICBS 



WBONO ON WBONO ON PBB CXNT 
BIGHT LKIT OF BBBOB 



11 
10 
68 



9 

5 

59 



7.3 

6.7 

45.4 



TABLE 4 

Summary of diecrimination records for female dog. Thirty consecutive errorless 
choices taken as criterion of discrimination with each intensity. Chose standard 
(darker) light. Intensity of standard light is 1 c.p. throughout the descent 



DIFFBBBNCB IN 














INTBNglTT OF 

STAND ABD AND 

▼ABIABLB LIGHTS 

. (HEFNKB UNITS) 


NUMBBBOF 
TBIALS 


BIGHT 
CHOICES 


WBONO 
CHOICES 


WBONO ON 
BIGHT 


WBONO ON 
LEFT 


PBB CENT OP 
EBBOB 


2.0 c.p. 


225 


200 


25 


14 


11 


11.1 


1.5 


105 


100 


5 


2 


3 


4.7 


1.0 


90 


86 


4 


1 


• 3 


4.4 


0.5 


45 


43 


2 


1 


1 


4.4 


0.4 


330 


272 


58 


22 


36 


17.2 


0.3 


315 


208 


107 


33 


74 


33.9 



Position habit established with total loss of discrimination habit at a difference 
of 0.3 c.p. Returned to a difference of 0.5 c.p. to re-establish the habit 



0.5 


45 


40 


5 


4 


1 


12.5 


0.4 


285 


239 


36 


17 


29 


16.1 


0.375 


75 


67 


8 


4 


4 


10.6 


0.350 


75- 


66 


9 


2 


7 


12.0 


0.325 


30 


30 











0.0 


0.3 


60 


54 


6 


4 


2 


10.0 


0.28 


90 


77 


13 


4 


9 


14.4 


0.26 


60 


54 


6 


2 


4 


10.0 


0.24 


75 


66 


9 


7 


2 


15.0 


0.22 


60 


56 


4 


2 


2 


6.6 


0.2 


90 


82 


8 


7 


1 


8.9 


0.18 


60 


553 


7 


4 


3 


11.6 


0.16 


90 


78 


12 


7 


5 


13.3 


0.14 


105 


87 


18 


12 


6 


17.1 


0.12 


300 


201 


99 


52 


47 


33.0 



Descent stopped at this difference. Apparently near the point of just per- 
ceivable difference. Returned to 14 c.p. 



0.14 



210 



173 



37 



27 



10 



17.6 
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last 150 trials with the mongrel are about the same as the number 
at any time preceding. There is no evidence of fixation of the 
discrimination habit in his case. 

2. Discrimination tests with female dog. Table 4 gives in 
summary form the records of the female dog for each discrim- 
ination series (15 trials) with problems graded in difficulty from 
a discriminable difference of 2 c.p. to a difference of 0.12 c.p. 

The habit of discrimination broke down when this animal 
was discriminating a difference of 0.3 c.p. After 315 trials had 
been given without indication of her regaining the discrimina- 
tion habit in sufficiently stable form to insure her making thirty 
perfect choices, it seemed advisable to return to a simpler prob- 
lem. The difference in the intensities of the standard and the 
variable lights was raised to 0.5 c.p., a difference that she had 
previously discriminated with ease. During the first series of 15 
tests, after the change in intensity, she regained the discrimination 
habit, and discriminated the next two series without error. Here- 
after the amoimt of reduction of the intensity of the variable 
light, at each succeeding step toward the threshold, was made very 
small. Under this condition the habit of discrimination persisted, 
with only temporary disruptions, until a difference of 0.12 c.p. 
was reached. The habit, at this problem, became less stable 
than usual and appeared to be on the verge of breaking down. 
To avoid the latter, the difference in intensity was raised to 
0.14 c.p. — the least difference previously discriminated. She 
again made thirty perfect discriminations at this difference. 
It is evident from these results that the least discriminable 
difference between the standard light with an intensity of 1 c.p. 
and the variable light of greater intensity is less than 0.14 c.p. 
for this dog. It is probably as low or lower than 0.12 c.p. For 
if the discrimination habit had remained stable with this latter 
difference it is almost certain that thirty perfect choices would 
have been made after further practice. 

Evidence of her ability to discriminate a difference of 0.12 
c.p. is found in the detailed records of her early discriminations, 
when the habit was relatively stable, at this difference in 
intensity. In one series of 15 trials the per cent of error was but 
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15.3. In three such series 20 or less per cent of error was 
made. In two consecutive series 23 of the 30 choices were 
correct, giving a per cent of error of 23.3 In three consecutive 
series (45 trials) the per cent of error was 25.6. Random choice 
would not give that degree of accuracy. In 75 consecutive trials 
the per cent of error was 26.5 — a per cent which closely approxi- 
mates the criterion for positive discrimination setby Yerkesin 
his study of the dancing mouse. His criterion is defined in the 
following quotation: ''An)rthing (referring to errors) below 40 
per cent is likely, however, to be the result of ability to distinguish 
the brighter from the darker box. To be on the safe side we 
may agree to consider 25 wrong choices per 100 as indicative of 
a just perceivable difference in illumination. Fewer mistakes 
we shall consider indicative of a difference in illumination, which 
is readily perceivable, and more as indicative of a difference which 
the mouse cannot detect."^* 

If this criterion is applied to her records of 0.12 c.p. intensity 
one may safely conclude that the just perceptible difference is 
somewhat lower than 0.12 c.p. 

S. Discrimination tests with male dog. Table 5 presents a 
smnmary of the male's records for a series of discrimination 
tests approaching the threshold of discrimination. 

The habit of discrimination broke down three times during 
the work with this dog and finally became so unstable for prob- 
lems involving difficult discriminations that the work was brought 
to an end before the least perceptible difference was foimd. The 
first disruption of the habit came while he was attempting to 
discriminate a difference of 0.1 c.p. Upon returning to a differ- 
ence in intensity of 0.5 c.p., his confusion was still manifest; 
hence the difference was raised to 1 c.p. After five series of 
trials with gradually decreasing niunbers of errors, two perfect 
series were discriminated and the descent toward the threshold 
was renewed. The habit of discrimination persisted this time 
until a difference of 0.4 c.p., was attempted; here again it broke 
down. Upon returning to the old problem of l.c.p. difference, 
the habit was re-established only after a long period of training. 

« Yerkes, R. M. The Dancing Mouse, p. 123. 
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TABLES 

Summary of discrimiruUian records for male dog. Thirty consecutive errorless 
cJioices were taken cu the criterion of discrimination ufith each difference in 
intensity. Chose standard (darker) light. Intensity of standard light was Icp. 
throughout the descent 



DXFFSBBNCS Xlf 














STANDABD AMD 
TABIABLBLIOHTB 


NTTMBBBOr 
TBIALS 


RIOBT 
CBOICB8 


WBONO 
CBOICB8 


WBONO ON 
BIOHT 


WBONO ON 
LBfT 


■BBOB 


2.0 


330 


253 


77 


37 


40 


23.3 


1.5 


75 


71 


4 


3 


1 


5.3 


1.0 


105 


94 


11 


7 


4 


10.4 


0.5 


75 


70 


5 


1 


4 


6.6 


0.4 


90 


83 


7 


2 


5 


7.7 


0.3 


30 


30 











0.0 


0.2 


105 


100 


5 


1 


4 


4.7 


0.1 


225 


139 


86 


60 


26 


38.2 



Position habit fonned; returned to difference of 1 c.p. 



1.0 


235 


110 


25 


21 


4 


18.5 


0.5 


75 


65 


10 


4 


6 


13.3 


0.4 


270 


196 


74 


51 


23 


27.4 



Position habit formed; returned to difference of 1 c.p. 



1.0 


330 


295 


35 


16 


19 


11.8 


0.5 


60 


55 


5 


2 


3 


9.0 


0.45 


285 


239 


46 


17 


29 


16.1 


0.4 


105 


87 


18 


9 


9 


17.1 


0.375 


30 


30 











0.0 


0.350 


105 


87 


18 


12 


6 


17.1 


0.423 


60 


54 


6 


3 


3 


10.0 


0.300 


45 


44 


1 





1 


2.0 


0.280 


135 


110 


25 


13 


12 


18.6 


0.260 


150 


136 


14 


9 


5 


9.6 


0.240 


105 


93 


12 


9 


3 


11.4 


0.220 


450 


299 


151 


116 


35 


33.3 



Position habit formed at this difference. Problem discontinued because of grow- 
ing instability of habit of discrimination 

Henceforth the steps m the reduction of the difference in the 
brightness of the two lights was made very small in order to 
make new problems less difficult than they had been in previous 
descents toward the threshold. Excepting several short time 
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lapses, the habit of going to the darker light was maintained in 
the third descent until a difference of 0.22 c,p,, was reached. At 
this difference the habit became very unstable and eventually 
broke down completely. He was not able to make consecutively 
thirty perfect choices in 450 trials. 

It would have been necessary to retrain him on an easier 
problem to have again established the habit of discrimination. 
But because of the increasing difficulty of maintaining the 
discrimination habit it was believed that the value of a foiuth 
descent would be insufficient to justify further discrimination 
tests with this subject. 

During the first descent toward the threshold, he seemed to 
have reached the approximate limit of discrimmability at 0.1 
c.p. The detailed records for the first descent show that this 
dog was able to discriminate a difference of 0.1 c.p., even though 
unable to make thirty consecutive errorless choices. In the 
first 20 consecutive choices he made only 20 per cent of error. 
In the first 60 choices he made 25 per cent of error. And in the 
first 90 tests the per cent of error was 27.7 This per cent of 
error closely approximates the criterion used by Yerkes** as an 
index of the just perceivable difference. The increasing number 
of errors from the beginning of this problem is due to the gradual 
weakening of the discrimination habit, which broke down entirely 
soon after the first 90 trials. 

From these results it seems safe to conclude that the male 
dog could discriminate a difference in intensity of illumination 
as low as 0.1 c.p. At this difference, however, discriminj^tion is 
difficult and can be done only imder exceedingly favorable condi- 
tions in which the habit of discrimination is very stable. It is 
not possible to state the threshold of discrimination as defined 
at the outset of this experiment on accbimt of the occasional 
errors of discrimination which made it impossible to secure 30 
consecutive errorless choices before the habit broke down. From 
the data at hand, however, it may be assmned that the threshold 
is near 0.1 c.p. with the intensity of the standard light at 1 c.p. 

'* The Dancing Mouse, p. 123. 
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IV. COMPARATIVE STUDY OF UGHT DISCRIMINATION 

1. Discrimination in man. Three human subjects were given 
extensive tests in brightness discrimination imder conditions 
identical with those observed in the testing of the dogs and with 
the intensity of the standard light at 1 c.p. Each subject dis- 
criminated readily a difference of 0.11 c.p, for thirty consecu- 
tive trials. Two of the subjects failed to make 30 perfect 
choices with a difference of 0.1 c.p. intensity during 150 trials. 
The other subject succeeded in reaching this standard of accu- 
racy with a difference of 0.09 c.p., but failed (150 trials) at a 
difference of 0.08 c.p. In subsequent tests with a difference of 
0.06 c.p. each subject made less than 20 per cent of error in 
45 consecutive trials. One subject made, in 45 trials, only 
17.7 per cent of error with a difference of 0.04 c.p; with this 
difference, the per cent of error of the other subjects rose to 
approximately 35. From these results it is evident that the 
human subject can discriminate much smaller differences than 
the dogs could be trained to discriminate. 

S. Comparison of least hrightness differences discriminated. The 
so-called thresholds of visual discrimination that have been re- 
ported for animals are really only crude approximations of the 
true limits of just perceivable differences in illumination. As 
we have intimated heretofore, the usefulness of the discrimi- 
nation method for the determination of the brightness threshold 
b dependent in large measure upon the stability and persistence 
of discrimination habits in the animals at times when differences 
in visual stimuli are so small that discrimination is difficult. Up 
to the present time the reported thresholds have not been 
adequately checked by other methods of experimentation. On 
this accoimt we cannot definitely say whether the reported 
thresholds really represent the just perceptible difference in 
illumination or whether they merely denote the difference at 
which discrimination is sufficiently difficult to cause disruption 
of the discrimination habits. 

At the present time we can make only rough comparisons 
of the least brightness differences discriminated by different 
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animals because of the difficulty of equating the differences 
in experimental procedure. Probably the most comparable 
results have been gotten by the use of the Yerkes-Watson type 
of light apparatus. Results gotten by this mode of presenting 
the brightness stimuli will be considered in the following com- 
parison. The ratios of the intensity of illumination of the 
standard and the variable lights has been taken as the best 
available basis of comparison. The validity of this basis of 
comparison rests on the assumption that Weber's law holds for 
animals." In table 6 are given the conditions imder which 

TABLES 

CondUiana under which the thresholds of light discrimination were determined 
for man, the dog, the English sparrow, and the dancing mottse 





NUMBBR 










or TRIALS 


PSRORNt 


INTRNBITT 




■UBJBCr 


IKDICA- 
TITBOr 


OFACOD- 
RACT 


or 

STANDARD 






DISCRIMI- 


RBQUIRRD 


UOBT 






NATION 














e.p. 




Human S, H, W* 


30 


100 


1.0 


Greater than 1 c.p. 


Human A, B, Cf 


30 


100 


0.00756 


Both greater and less than 
0.00755 c.p. 


Dogs* 


30 
30 


100 
100 


1.0 
0.09755 


Greater than 1 c.p. 

Both greater and less than 


English sparrowsf .... 










0.09755 c.p. 


Dancing mouset 


100 


75 


5.0 


4.5 c.p. 



• This study. 

fTugman, Eupha Foley. Light Discrimination in the English Sparrow, 
pp. 85-88. 

tYerkes, R. M. The Dancing Mouse. 

the thresholds to be compared were obtained. In this table 
are indicated the number of correct trials and per cent of accuracy, 
taken as criteria of discrimination. It gives also the intensity 
of the standard light and states whether the intensity of the vari- 
able was greater or less than that of the standard. 

Table 7 presents the ratios of the intensities of the standard 
and the variable lights as discriminated by six hmnan subjects, 
two dogs, four English sparrows, and one dancing mouse. 

1^ Watson, J. B. Animal Behavior, p. 359. 
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As shown by the ratios, the threshold for man is the lowest. 
Owing to the use of a somewhat more lenient criterion for dis- 
crimination in the mouse the ratio for this animal is somewhat 
larger than it would have been according to the criterion used 
in obtaining the ratios for the other animals considered. If the 
criterion of Yerkes is applied to the results of subjects S, H, and 

TABLE 7 

ComparUan of thresholds of discrimination 

In this comparison the ratio of the intensities of the darker and the brighter 
lights is taken as the basis of comparison 



Man. 



Dog. 



English sparrows. 



Dancing mouse. 



8UBJBCT 


RATIOS or IMTSMBimS 

OrUOBTS 

(IMTKNBITT OF DARKBB 

UQBT: INTSlfBITT OP 

BBIOBTIB UOBT) 


s 


9.17 


' 10 


H 


9.01 


10 


w 


9.01 


10 


A 


8.6 


• 10 


B 


•9.1 


I 10 


C 


8.6 


; 10 


A 


8.7 


: 10 


B 


8.3. 


J 10 


Male IV 


8.4 


1 10 


Female V 


6.5 


: 10 


MaleV 


6.9 


: 10* 


Female VI 


7.7 


: 10 




9.0 


: 10 



* Died at this ratio. 

W, their best discrimination records would be represented by 
the ratios 9.61: 10 for S and 9.43: 10 for H and W. This 
same criterion applied to the results of the dogs gave a ratio of 
8.9: 10 for the female and 9:10 for the male. Similar ratios for 
the other human subjects and the sparrows are not available, 
but it is almost certain that they would be somewhat larger 
than those given in the foregoing table. 
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SUMMARY 

Two dogs and three human subjects were trained m the dis- 
crimination of two light windows differing only in intensity of 
illumination. The chief facts revealed are as follows: 

1. With the intensity of the standard light at 1 c.p. and 
the variable light slightly greater, the least differences at which 
30 consecutive errorless discriminations were made by each 
subject are: 



Female dog 

Male dog 

Human H and W 
Himian S 





RATIO or 


c.p. 


8TANDABD TO 




▼ARIABLB 


0.14 


8.7 : 10 


0.2 


8.3 : 10 


0.11 


9.0 : 10 


0.09 


9.17 : 10 



2. The lowest differences at which clear evidence of discrim- 
ination was obtained for each subject are: 



c.p. 


PBR CBNT OP 




BRROR8 


TRIALS 


0.12 


26.5 


75 


0.10 


27.7 


90 


0.06 


20.0 


45 


0.04 


17.7 


45 



Female dog 

Male dog-. 

Human H and W 
Human S 



3. The human subjects were able to discriminate differences 
lower than those that animals have been trained to discriminate. 
The dogs discriminated differences lower than those discriminated 
by the English sparrow (Tugman) and as low as the best record 
reported (Yerkes) for the discrimination of the dancing mouse. 
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REACTIONS OF THE WHITE RAT TO MULTIPLE 
STIMULI IN TEMPORAL ORDERS 

EARNEST WILLIAM ATKINS and J. F. DASHIELL 
The University of North Carolina 

INTRODUCTION 

Maze work with the white rat has so far consisted in having the 
rat learn to go to some feeding place by means of signals involving 
spatial relations to a greater or less degree. The rat had to pass 
through certain alleys and by others until the food was reached. 
He was thus required to orient himself with respect to the walls 
and openings or any other cues which he might obtain. Typical 
of these is the Multiple Choice method as applied to the white rat 
by Harold E. Burtt.^ Here the animal was required to guide his 
running by spatial relations such as the door on the right, the door 
on the left, or the door next to the right. 

PROBLEM 

The problem which the experimenters had in mind was to see if 
the white rat could learn to react to a situation which could be 
learned only in terms of time (first, second, or third). W. S. 
Himter^ describes an experiment with a temporal maze. His 
maze resembled a figure eight. At one point the rat must turn 
either to the right or to the left. Three types of problems were 
used. The rat was required to make (1) one loop to the left and 
one to the right, (2) two loops to the left and two to the right, and 
(3) three loops to the left and three to the right. In the first 
problem the rat was to learn from the kinsesthetic sensations and 
from the position of the stops to make the loop on the left first 

>Burtt, Harold E., A study of the behavior of the white rat by the multiple 
choice method. Jour. Animal Behavior, vi, 1916, 222-246. 

3 Hunter, W. S., The temporal maze and kinaesthetic sensory processes in 
the white rat. Psychobiology, ii, 1920, 1-17. 
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and the one on the right next. All of the rats learned to do this in 
a short time. In the second problem the rat was forced to make the 




Fig. 1. 



left loop twice and when the turning point was again reached to 
make the right loop twice. He was guided by kinsesthetic sen- 
sations and sensations from the stops. This time, however, these 
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sensations meant turn to the left, repeat, and turn to the right. 
Only one rat solved this problem and that after much coaching. 
No rat solved the third problem. Hmiter concluded that the 
kinsBsthetic sensations may prompt the rat to turn and make the 
left or the right loop but that the same sensations cannot one time 
cause the rat to make the same loop over and the next time to 
turn and make the other loop. Hence his rats failed to learn the 
temporal maze. In the present experiment the rat was required 
to go to the first, second, or third of three boxes (out of four) 
lighted in irregular order. 

TABLE 1 
Giving description of apparatus 

A, entrance alley 7} by 3 by 12. 

B, glass door 5i by 8. Door fits into grooves on sides and is raised by means 
of a string passing through screw eye attached on strip above the door. 

C, general runway leading to all doors. Sides 12 high. 

DDf glass doors 3 by 4. Can be fastened by means of a strip on inside of E. 
Doors are frosted with white paint. A }-inch strip along the lower edge of each 
door is painted black. This was to keep the locking device invisible to the rat. 

EE, passage ways 12 by 7} by 8. 

FF, openings 2i by 2i cut into back of E to let rat pass to door G, 

GGf glass doors (transparent) 3 by 4. Free to swing inward only. 

H, food box 7i by 20 by 7i Has two doors so that it can be fitted to any 
one of the doors FF. 

I, telegraph key lighting K, which enables the record to be taken while the rat 
was running in the dark runway C. 

J, telegraph key lighting a very dim light (about } c.p.). Light was overhead 
so as to make the rat invisible to experimenter while in the dark. 

K, 4-candle power automobile light on 6-volt circuit. 
' LL, 2-candle power automobile lights on 6-volt circuit. 

M, switch board consisting of nails driven through board. Beneath the board 
wires connect all nails lighting any given light. Circuit was closed by means of 
a stylus with which the nails were touched. 

N, box 11 by 12 by 7 used for recording while the rat was running. Open only 
on side facing observer. 

APPARATUS 

Figure! (drawn to scale) shows the floor plan of the apparatus 
used. The following table describes in detail the parts. Num- 
bers refer to inches. 

This was built on a table 32 inches from the floor. The walls 
were 12 inches high. The inside of all boxes and alleys except H 
and N was painted black. The method of operation will be 
explained in a separate section entitled Formal Training. 



Digitized by 



Google 



436 E. W. ATKINS AND J. F. DASHIELL 

SUBJECTS 

The twelve rats used were obtained from The Wistar Institute at 
Philadelphia. There were six males and six females. In order to 
identify them slits were cut in their ears and the hair on their 
backs was clipped to correspond to the slits. They werenimibered 
and are referred to hereafter by niunber and sex only. Thus 01m 
was the niunber corresponding to the male rat with no slit in the 
left ear and one in the right ear. For the males and for the females 
there were the niunbers 01, 02, 10, 11, 20, and 21. 

While the experiment was not in progress the rats were kept in 
boxes covered with wire netting. The nest was made of excel- 
sior. Dishes of water were kept in the nests all of the time. 
The nests were cleaned and disinfected regularly. The food 
consisted of bread and meat. 

From. the beginning 02f used the right fore foot very little. 
This was probably due to an accident in the shipping. This 
seemed to interfere but little, for she learned in the preliminary 
training more rapidly than most of the others. 

GENERAL METHODS 

The experiment was arranged so that three separate problems 
were attempted at the same time. Three of the rats (Olf , 02f , and 
lOf) were given the problem of going to the first of the 
lighted doors. All six of the males were given the problem of 
going to the second of the lighted doors. The three remaining 
(llf , 20f , and 21f)were given the problem of going to the third or 
last of the three lighted doors. It was thought that the first and 
third of the lighted doors would be the ones most easily learned 
because of the operation of primacy and recency, respectively. For 
thisreason six rats were used on what appeared to be the hardest of 
the problems. To make the actual operation easier the same 
doors were lighted for all the rats on any given trial. Three were 
required to go to the first of the lighted doors, six to the second, 
and three to the third. The order in which the doors were lighted 
is shown in table 2. This table also shows the connection of the 
nails in the switchboard (M) with their respective doors. 
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Especial care was taken in the making of this arrangement for the 
lighting of the doors. It will be seen that each door is lighted six 
times in the eight series. Each door is lighted first twice, second 
twice, and third twice. Also the doors were arranged so that the 
door lighted second was one time the left and one time the right of 
the lighted doors. It was thought that this would aid by- 
giving those who had the hardest problem the benefit of a solution 
not involving the temporal element solely. This would have 
been similar to the alternation problem if there had been any 
signs that they used this method of solution. Also care was 
taken in the arrangement of the lights so that any door lighted 
one time as third would the next time be lighted as second. 
This was done so that the doors would have to be unlocked as 

TABLE 2 
Arrangement of nails on switchboard and the order in which the doors were lighted 

4 2 3 

2 3 1 

3 1 4 

2 4 1 

4 1-3 
13 2 

3 2 4 
1 4 2 

few times as possible and hence make the feeding easier. This 
aided very much in the actual experimenting. 

In order to eliminate as far as possible the personal element and 
make the conditions as uniform as possible the timing of theflashes 
was done by means of a metronome situated in an adjoining room. 
The metronome was equipped with mercury contact cups for mak- 
ing and breaking the circuit. This machine was set at the rate of 
144 beats per minute during the first 160 trials and at the rate of 
192 beats per minute during the remaining 240 trials. 

Two feedings were given daily; one in the morning about 8:30 
and the other in the evening about 6:30. The feedings lasted 
usually about an hour each. During this time it was possible 
to give at first only two trials to each rat. Later it was possible 
for each to get eight trials during the hour. 

eourAMjarfK pstcboloot, tol. z, wo. 6 
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PRELIMINARY TRAINING 

The preliminary training consisted in first lettiug the rats pass 
through the alleys without the glass doors. They were allowed to 
get their food bypassing through any one of the doors. On the third 
day the doors were attached and the rats allowed to get their food 
after pushing open the doors. After they had become accustomed 




Flgmre 2. 



Shoirlne ti'ne record for the first 20 trials in 
preliminary training* 



Tjfials 10 ' 



20 



2rro ?3 

or 
Corr sot 




(sS55d line; 



Shoving number of errors (broken line) and number of correct responees 

i) made ty the gtoyxp in preliminarj training. Ho record for firet 4 trials* 



to the pushing of the doors, they were taught to go to the lighted 
door. Each of the doors was then lighted in irregular order. In 
doing this they did exactly what they later had to do in the formal 
experiment. They were held . in the release box for a few seconds 
and then allowed to go the lighted door. At the end of 80 trials 
all of them had learned to go directly to the lighted door. They 
were then ready for the formal training. 
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For the purpose of comparison the time was taken on the first 20 
trials and errors were recorded for the entire 80 trials with the 
exception of the first 4 trials. On these only the time was taken. 
Here, as throughout the whole experiment, an error consisted in 
making an attempt to open a wrong door or pushing against a 
place where there was no door. Figures 2 and 3 show the curves of 
the preliminary training. Here the errors are taken as the total 
number of errors made by all the rats in going once to a certain 
box. The curves for the time and for the number of correct 
choic: s are made in the same manner. 

It is thus seen that these group curves are all typical learning 
curves. Some individual differences appeared in the number of 
trials required for learning. These are not shown, since all of the 
rats learned the problem before the preliminary training was 
discontinued. 

FORMAL TRAINING 

The uniform procedure may best be shown by taking an exam- 
ple. About 6:30 the experimenters darkened the room. The 





TABLES 

Showing groups of rats and their respective problems 


OBOUP 


INDIYIDUALS 


PBOBLEM 


I 

II 

III 

IV 


01m, 02m, 10m 
11m, 20m, 21m 
Olf, 02f, lOf 
llf, 20f, 21f 


Second lighted door 
Second lighted door 
First lighted door 
Third lighted door 



rats were then divided into the four groups shown in table 3. 
This was done to allow a greater number of trials to be made 
during any one feeding. The metronome was set at 192. On this 
particular trial the doors to be lighted were 4, 2, and 3 in the order 
named. Groups I and II were to go to the second lighted door, 
which in this case was 2. So this door was unlocked and the food 
box H placed next to the door F2. The rat 01m was then placed 
in the release box (A). While 01m was waiting (all of the rats 
soon learned to wait with their noses against the glass door B) 
the lights were flashed behind the doors 4, 2, and 3 in the order 
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named. The glass door (B) was then raised and 01m went to get 
the food. His errors were noted on blanks in boxiV. Likewise 
for the other subjects of groups I and II. Door 2 was then locked 
and door 4 unlocked and the problem thus set for group II, 
which was then given a trial. Finally door 4 was locked 
and door 3 imlocked, and the problem thus set for group IV. 
Each group was allowed 30 seconds in the food box after each 
trial. In the second trials the doors lighted were 2, d, and 1 in the 
order named. The individuals of each group were taken in the 
order opposite to that followed in the first trials. This was done 
to equate the time which each rat spent in the food box. On the 
last trial at each feeding the groups were allowed to remain and 
get enough food to do them xmtil the next feeding. 

Following this same general procedure each rat was given 400 
trials. The preliminary training began on February 10 and ended 
on February . 23. The formal training began on February 24 and 
ended on March 23. Exactly 28 days were required for the formal 
training. 

DiscrassiON op besults 

The accompanying curves (fig. 4) show the results of the 
formal training. Whatever else these show it is certain that the 
rats did not learn to go to the proper door for their food. Most of 
them acquired position habits which they followed more or less 
constantly xmtil the end of the experiment. The effect of these 
habits is easily seen. Nearly all of the rats in a series of eight runs 
made two correct nms. If a rat always followed his position 
habit, always went' to a door, and never repeated any doors, he 
wotdd make two correct runs and twelve errors in eight successive 
trials. All of the rats except one (Olf) approximated this limit. 
This accoxmts for the level which most of the individual curves 
assume. Only in a few cases did the ratio of correct to wrong 
responses exceed that of 1 : 4, which is the ratio to be obtained if 
position iiabits only are followed. 

Some important results are to be found in the analysis of these 
position habits. In describing these it will be necessary to take 
up the record of each rat individually. Table 4 shows the points 
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of first attempts of each rat during intervals of 40 trials, fractions 
at the top indicating points between doors, "0" and '*5'' those 
at left and right ends, respectively. 

DESCRIPTION OF POSITION HABITS 

In the following description of the habits the path taken will be 
shown by a series of numbers. Thus 2-1-3-4 would indicate 
that the rat had the habit of going to 2, turning to the left to 1, 
returning to 3, and then going to 4 unless thecorrectdoor had been 
f oxmd before. Where R is used it indicates that the rat returned 
to the entrance door. 

01m early acquired a habit of running to doors 2 or 3, turning 
to the left, trying doors 2 and 1, turning to the right and trying 
in order l,2,3,and4. Tjrpicalof these is the form2-l-3-4. This 
was frequently modified to 3-2-1-3-4 or 3-1-4-3-2. Whatever 
the change he always showed the tendency to make the first 
turn to the left. 

02m from the beginning followed the path 4r-3-2-l. This was 
followed to the end with only 48 variations during the 400 trials. 

10m first acquired the habit l-R-4-3-2. This was gradually 
changed into 1-4-3-2. From the 40th trial to the 80th there was 
a rather strong tendency to make the nm 0-4-3-2-1. The form 
1-4-3-2 was then resiuned and followed until the end. The 
method of turning was xmchanged. The point of first attempt 
was the same in 300 of the trials. 

11m acquired no very marked habit during the first 40 trials. 
Doors 2, 3, and 4 were attempted first with about equal frequency. 
During these trials there was no rather definite tendency to turn 
to the right or to the left. During the next 120 trials 3 and 4 
were attempted first in most of the cases. This rat showed only a 
very general tendency to try a door to the right and turn to the 
left. Hence the form was 4-3-2-1 or 3-2-1-2-3-4. 

20m started with the habit of l-R-4-3-2 as the only out- 
standing habit in the first 20 trials. This was changed to 1-4-3-2 
before the 40th trial and was followed steadily imtil the 160th 
trial. The form 2-1-4-3 was then followed for about 80 trials. 
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Fig. 4. Indiyidttal Ctjbvbs Showing Nttmbeb of Corbbct Responses Duitma 
Intbbyals of Eight Trials 

During the next 80 trials both of the above were followed. Dur- 
ing the remaining 80 trials the form 2-1-4-3 was resumed. This 
last was followed almost exclusively (76/80). Here is clearly- 
shown the tendency to keep the same turn but to change the 
point of first attempt. 

21m early showed the tendency to turn to the left after attempt- 
ing any door. During the first 40 trials 2, 3, and 4 were attempted 
with about equal frequency. By the 80th trial 4 was attempted 
most frequently. This was true to the end of the experiment. 
Only one position habit was formed. That was 4-3-2-1. 
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TABLE 4 
Points of first aUempts during intervals of 40 trials 
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3i 



81 
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TABLE 4— CofUtniMrf 
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TABLE ^-CcnHnu§i 
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TABLE ^-Condudti 
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Total... 
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67 
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Olf never fixed definitely any one position habit. During tlie 
first 80 trials there was a tendency to turn to the right after 
trjdng the door. Afterwards most all of the turns were to the 
left. Figure 4 shows that this rat continued to improve in the 
number of correct runs. It seems possible that this rat would 
have learned its problem with continued practice. 

02f during the first 240 trials went most of the time (about 
222/240) m the form 4-3-2-1. From the 240th to the 280th 
trial 2, 3, and 4 were attempted first with about equal frequency. 
The new habit 2-1-3-4 was then formed. This was followed 
until about the 320th trial. After that there was no one habit 
followed. From the 240th to the 320th trial 2 was tried most 
frequently. During the next 40 trials 2, 3, and 4 were attempted 
first with about the same frequency. During the last 40 trials 3 
and 4 were attempted first with about equal frequency. 

lOf did not fix any habit. Throughout the entire experiment 
doors 2, 3, and 4 were attempted first with about equal frequency. 
This rat turned to the right more than to the left, but turned in 
each direction frequently. Unlike Olf the curve of this rat does 
not rise. 

llf during the first 80 trials tried 1, 2, and 3 with about equal 
frequency. A tendency to turn to the right was noticed as early 
as the 80th trial. This was held to the end. No single form was 
followed during any part of the experiment. Such forms as 
2-3-4-2-1, 3-4, 1-2, and 3-4-2-1 were frequent. Door 3 was 
attempted first most frequently from the 80th to the 160th trials. 
For the remainder of the time 2 was attempted first most 
frequently. 

20f early acquired the habit 1-2-3-4. This was followed 
durmg the first 120 trials. Then 2-3-4-2-1 and 2-4-3-2-1 were 
followed almost exclusively. In either case 2 was the first 
attempted. 

21f during the first 40 trials attempted each of the doors with 
about equal frequency. 65 times during the following 120 trials 
this rat attempted first 1. 131 of the remaining 240 first 
attempts were made at 2. No position habit was well formed. 
A tendency to turn to the right was shown throughout the 
experiment. 
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SUMMARY OF STUDY OF POSITION HABIte 

A summary of these position habits is difficult to make. This 
is SO because many of the runs were not according to any one type 
and so many were of mixed tyi>es. Three of the rats used the form 
4r-3-2-l ahnost exclusively. About 1000 of their 1200 runs were 
of this type. The form 1-4-3-2 was used the larger part of the 
time by two rats. The forms most frequently used were 4r-3-2-l , 
1-4-3-2, 2-1-4-3^ and 1-2-3-4 in the order named. 

As far as these results are comparable to those obtained by 
Hamilton' it would seem that the rats used a method which 
wotdd come between B and C of Hamilton's classification. 
Type C involved the trying of all doors from right to left or 
from left to right. Accordingly the above forms 4r-3-2-l and 
1-2-3-4 are of type C. Forms 2-1-4^3 and 1-4-3-2 belong 
either to type B or C. 

Forms 2-1-4-3 and l-4r-3-2 cannot be definitely placed be- 
cause of a vagueness in Hamilton's description of tjrpe B. He 
states that type B involves a trying of all doors in irregular order. 
Now if t)y irregular order he means that an animal would one time 
begin with, say, door 2 and another time with door 4 and in either 
case try the doors but once each, that is one thing. If he means, 
however, that an animal tried the doors in, say the order 2-3-4-1 
for a long series of trials and then changed to 4-2-3-1 for another 
series, that is something quite different. 

Let us suppose that one subject (X) shows successively the 
forms 4-1-2-3, 3-2-4-1, 3-4^1-2, l-2-4r-3, etc; and that another 
subject (Y) shows a repetition of the same form, as 4-1-2-3, 
4-1-2-3, 4-1-2-3, etc. Now, by what is apparently Hamilton's 
method of merely counting the percentage of each irregular- 
search form in the total reactions of a subject, these two subjects 
would be rated the same (tjrpe B). It is plain, however, that we 
have here two different levels of random behavior. A subject 

* Hamilton, G. V., Trial and error reaction in mammals. Jour. Animal 
Behavior, i, 1911, 33-67. 

Hamilton, G. V., A study of perseverance reactions in primates and rodents. 
Behavior Monographs, iii, 1916, No. 2. 
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which tries all four doors regardless of the one which is first at- 
tempted certainly shows a higher level of intelligence than one 
which relies on some position habit repeated identically, even 
though the position habit may not begin with the door on either 
end. The behavior of an animal following the former must show 
clearly the element of trying each of the four doors regardless of 
the order in which they are taken. That of one following position 
habits need show merely the following of the habit and only in- 
cidentally the trjdng of all doors. That this is true is seen in the 
tendency of some animals to go in a position habit even though it 
may cause them to repeat some of the doors. 

The whole matter may be simamed thus. There is a great deal 
of difference between the type of response which an animal makes 
in using several forms of response (without repeating any doors) 
in irregular temporal order, and that which one makes in using the 
same position habit (not necessarily beginning with the end) 
continuously (even though changing the habit to another during a 
later part of the experiment). Accordingly the forms 2-1-4-3 
and 1-4-3-2 would belong somewhere between B and C of Ham- 
ilton 's classification. 

Another matter of interest in the present experiment is the 
tendency to keep the direction in which the first turn is made after 
the first attempt at a wrong door. The direction of turn usually 
remained even though the point of first attempt varied. 1 1 of the 
rats kept the direction of turning throughout the experiment. 
Only one turned in either direction with about equal frequency. 
9 made the first turn to the left, 2 made it to the right, and 1 made 
it either to the left or to the right. 

CONCLUSION 

The curves in figure 4 show conclusively that the rats did not 
learn their problems. Only one (Olf) continued to improve after 
the 160th trial. Whether this rat would have continued to im- 
prove or would have formed position habits as the others cannot 
be told. 

It is certain, however, that the formation of position habits in 
an experiment of this sort tends to prevent its solution. No 
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rat following position habits improved after the 160th trial. On 
the other hand, one of the two not following such habits improved 
until the end of the experiment. It thus appears that the break- 
ing of position habits, if acquired, is a requisite first step in the 
solution of this type of problem. 

Other experiments have shown that these position habits fre- 
quently interfere and sometimes prevent the solution of a prob- 
lem. Since these habits must be broken the addition of light 
electric shocks for wrong responses seems a very effective means. 
Thus not only the reward for the correct responses but also the 
punishment for the wrong responses would aid in the fixing of the 
correct form of response. 

But why is the tendency toward the formation of position 
habits so strong? The answer is probably to be foxmd in the 
study of the animal's native life. Its concern is primarily with 
objects and their movments. The animal is fitted for such habits 
as the winding through passages, etc. It is then very natural for 
the rat in a strange environment to form a type of response which 
is dependent upon the position of objects in the vicinity. 

Since the rat is so skilled in learning problems which involve 
orientation with respect to things in space, why is it so difficult for 
it to grasp a temporal order such as that used in this experiment? 
Here again the answer is to be found in the animal's normal 
activities. If the perception of time is traceable ultimately to 
some basis in rate of response used by the subject, the fact that 
a rat seems to have little use for such delicate adjustment of rates 
as are used by a stalking animal would lead us to expect small 
occasion for the development by it of delicate time perceptions. 
The rat seems to have little use for any adjustment of rates other 
than a stop, a slow rate, and a rapid rate. These could at best 
give rise to but a poor sense of temporal relations. For these 
reasons it does not seem so surprising that the rats failed to show 
any perception for a complex temporal element as that required 
for the solution of this problem. 

SUGGESTED EXPERIMENT 

In attacking the temporal problem Hunter used what may be 
•called the alternation method. As described in the beginning of 
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this paper his rats had to get a cue which would one time serve aa 
a signal to make another turn to the left and on the next loop 
these same cues were signals to turn to the right. Hence the 
temporal element must be added in the interpretation given by 
the subject in reacting. Instead of meaning only one thing, these 
stimuli xmder one temporal condition meant one thing and under 
another temporal condition meant something else. 

The method here employed might be called the varied choice 
method with visual signals. Three doors were lighted in any 
succession. These lights, instead of being simple stimuli and 
meaning only a positive response, were complex stimuli and meant 
that one of them was to be selected in accordance with certain 
temporal conditions. These temporal conditions constituted the 
respective problems of the first, second, and third lighted doors. 

A third possible method is that employed in experiments with 
the conditioned reflex. This method may be adapted to either 
the alternation method or the varied choice method. The cues 
(temporal at first) can be decreased as the learning progresses 
and possibly the cues more directly concerned with the temporal 
phase of the problem may be given more attention. Here again 
position habits are likely to be formed. If they are formed, light 
electric shocks may be employed to break them. 
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STUDIES OF CEREBRAL FUNCTION IN LEARNING. 

n. THE EFFECTS OF LONG CONTINUED PRACTICE UPON 
CEREBRAL LOCALIZATION 

K. S. LASHLEY 
The Department of Psychology of the University of Minnesota 

The automatization of habits through long practice has offered 
a problem of especial interest to psychologists because of its 
bearing upon theories of the physiological basis of consciousness, 
and the literature contains many speculations and dogmatic 
assertions concerning the changes in localization through which 
automatic movements are eliminated from consciousness. For 
the most part these statements are vague in their anatomical 
reference, as when James ('90) says, ''In an habitual action, 
mere sensation is a sufficient guide, and the upper regions of 
the brain and mind are set comparatively free/' Here we can 
only infer that by upper regions of the brain the author means the 
cerebnun, although his application of the term "different heights'' 
to the cerebrum and thalamus makes it fairly certain that this 
is his meaning. Some other writers have expressed the concept 
mwe explicitly. Munsterberg ('00) asserts that "Die Mechan- 
isierungdesUbergangs von centripetaler zu centrifugaler Erregung 
bedeutet die Ausbildung subkortikaler Verbindungen, vermoge 
deren die von der Peripheric kommende Erschtitterung zu 
Ausftihrungsbahnen hingeleitet wird, nochehe sie den psychophys- 
ischen Rindenapparat tiberhaupt erreicht." Similar state- 
ments occur frequently in cturent discussions of automatic 
movements. 

The view seems to rest almost solely upon the conception 
that cerebral processes are conscious processes and that any 
activity that ceases to be conscious must necessarily lose its 
cortical representation. We might disregard such discussions 
as futile but for the fact that they have led to the general accept- 
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ance of the theory that conditioned-reflex arcs, orginally travere- 
ing the cortex, may be shortcircuited in the brain stem. The 
truth or falsity of such an hypothesis is important for an under- 
standing of the physiology of learning, since it involves the 
concept that the cortex oflfers greater ease of reintegration of 
reflex arcs than do subcortical centers, which are, nevertheless, 
capable of that reintegration. This, in turn, implies that the 
cortex is in some way specialized for learning, either by reduced 
resistance to spread of impulses or by some more fundamental 
physiological change. 

The theory of reduction of habits to subcortical levels is, 
however, based upon very slight evidence and until recently 
had no sort of factual support. The results of experimental 
decerebration by Flourens, Schraeder, Goltz, and others give 
no suggestion of retention of automatized habits and no more 
crucial experiments were available. In 1902 Franz described 
the persistence in cats of habits of long standing (coming at 
call) after operative destruction of the frontal lobes which 
abolished recently formed habits (latch-box). In later work 
('07) he found habits retained in some monkeys and lost in others 
after frontal lesions and interpreted this as due to the somewhat 
longer training that the former had received. Since the publica- 
tion of these results Dr. Franz and I (Lashley and Franz, '17) 
have found that habits may be retained after partial destruction 
of the frontal lobes in the rat, when total destruction abolishes 
them, and I have shown that visual and, hence, probably, audi- 
tory habits are not mediated by the frontal lobes (Lashley '20). 
These data oflfer an alternative explanation for Franz's earlier 
results and suggest that they may have been due either to failure 
to make complete destruction of the frontal lobes or to the dif- 
ferences in the sensory components of the habits which were 
lost from those which were retained. 

In 1916 Dr. Franz and I took up this problem with the rat in 
an attempt to determine whetlier long practice in the maze and 
latch-box would result in loss of cerebral representation. The 
results of those experiments were not conclusive. The simple 
maze habit showed no cerebral localization at any stage of leam- 
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ing. The latch-box habit was abolished by total frontal destruc- 
tion at all stages of training up to three times the amount of 
practice required for learning, although it survived partial 
destruction of the frontal pole (Lashley and Franz, '17). 

Existing evidence on the reduction of habits to subcortical 
levels thus seems inconclusive. The clean-cut localization of 
habits of visual discrimination in the occipital pole of the cere- 
brum of the rat, which I reported in the first study of this series, 
oflfers an excellent opportunity for a final test of the matter. 
The retention or loss of the habit is easily recognized. The habit 
involves only a small and well defined area on the occipital pole, 
and with practice it is soon brought to an accuracy of performance 
that indicates automatization. Operation in the occipital 
region produces little shock or interference with habits other than 
visual. Experiments with vision have thus a decided advantage 
over those with the kinesthetic-motor habits involved in the 
frontal pole, for operation in the latter region frequently produces 
a general deterioration which obscures the specific effects of the 
injury. 

Tests previously reported have shown that destruction of the 
occipital pole abolished the habit of discrimination between 
light and dark alleys in the Yerkes discrimination box when the 
habit had been practiced for about one hundred trials, or until 
twenty successive errorless trials were obtained. In the present 
experiments I have tested the effects of the same operation after 
training had been continued until not less than five hundred 
successive errorless trials were obtained. 

THE VISUAL AREA IN THE RAT 

In a previous experiment (Lashley, '20) the entire cerebral 
cortex was explored by a series of partial destructions in animals 
which had formed the habit of visual reaction in the problem 
box. Two additional cases have been obtained with injuries in 
the temporal and orbital regions, which were imperfectly cov- 
ered by the first experiments. Figure 1 represents the total 
extent of the combined lesions in seven animals that retained 
the habit after operation. The frontal, parietal, orbital, and 
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superior temporal regions are not necessary for the performance 
of the habit. Figure 2 shows the combined lesions of three ani- 
mals which lost the habit after operation. The area common 
to the three is blackened. It seems to represent the only part 





Fig. 1. Thb Ck>ifBiNEo Extent of the Lesions in a Seribb of Animals Which 

Showed Retention of the Habit of Visual Discrimination 

After Operation 

The lesion in each animal included about one-fourth of the total blackened 
area shown here. 




Fio. 2. The Combined Extent of the Lesions in Three Animals That Lost 
THE Habit of Visual Discrimination After Operation 

The stippled area represents the total extent of the destructions, the black 
area, that destroyed in all the animals. 

of the cortex that takes part in the performance of the visual 
habit.i 

METHODS 

Training. The animals used in the present experiments were 
trained in a discrimination box oflfering a choice of two alleys 

^ The fact that the so-called motor cortex does not participate in the habit 
has been emphasized in the first paper of the series. Further data on the point 
will be published later. 
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illuminated and darkened in irregular alternation. Food was 
given after passage through the illuminated alley and punish- 
ment in the darkened. The first three hundred trials were 
given at the rate of ten per day; thereafter, fifty trials were 
given daily. Entrance into the dark alley was recorded as an 
error, but not more than one error per trial was counted. Thus 
in the records following, errors mean trials in which an error 
occurred. Training was continued for about fourteen hundred 
trials. 

Operation. The technique of operation was essentially that 
described in earlier papers, except that the destructions were 
made with a thermo-electric cautery inserted cold and heated 
until the tissues began to boil. This method reduces hemor- 
rhage yet produces a thorough destruction. 

Retention tests. The animals were first tested twenty-four 
hours after operation. Ten trials were given, if possible, and 
the errors made were recorded, together with notes on the general 
condition of the animal, its orientation in the problem box, 
reactions to food, etc. No punishment was given in the first 
thirty trials of the retention tests, but after these the same 
metihods were used as in the original training and retraining 
was continued with ten trials per day until discrimination was 
again established. 

When a habit is lost following cerebral injury two interpreta- 
tions are possible. The operation may have resulted in shock 
which abolished the habit by producing a general deterioration. 
In such a case the experiment gives no significant data upon 
localization of function. Or, the loss may be due to the destruc- 
tion of the particular conditioned-reflex paths involved in the 
habit. Practically, it is not easy to distinguish between these 
two possibilities but observations of the general behavior of the 
animals usually reveal deterioration when it is present. 

Some animals after operation do not orient readily in the pro- 
lem box, enter the dark alley many times in a single trial, have 
difficulty in finding food, climb out of the box repeatedly, and 
show other signs of confusion or motor disorganization. Such 
animals usually clear up in from three to five days and show a sud- 
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den drop from 50 to zero per cent error in their reactions. Their 
temporary loss of the habit is clearly due to operative shock. 

Other animals show loss of the specific habit without any 
evidence of general deterioration. They are normally active, 
oriented in the problem box, correct their errors without perse- 
veration, find the food readily and retain many kinesthetic- 
motor habits with reference to the problem box. Their releam- 
ing is gradual and requires as long as the original learning. 
The loss in these cases in evidently not due to shock but to 
some specific effect of the operation upon the visual habit. In 
general, the occipital cases give little indication of operative 
shock.* 

As a finisher control of operative shock the orbital and tem- 
poral regions of one of the animals of the present series were 
destroyed while the visual area was left intact. The lesions in 
this animal are more extensive than those of the occipital cases, 
and approach more closely the nuclei of the optic thalamus. 
Its retention records are compared with those of the occipital 
cases. 

Reconstruction of lesions. Serial frontal sections of the brains 
were prepared, stained in iron hematoxylin, and mounted in 
balsam. Sections at intervals of 0.25 mm. were outlined under 
the camera lucida at a magnification of ten diameters. The 
extent of the lesion in each section was determined under higher 
power and indicated on the outline. The level of the section 
was next determined and the dimensions of the lesions were 
transferred to the diagrams of the brain by means of proportional 
dividers. The points so determined were connected by lines 
and the resultant areas inked in. Only obvious lesions, absorp- 
tion of tissue or complete degeneration of the cortex, were record- 
ed, so the diagrams represent the minimal extent of the lesions. 
The diagrams are probably accurate to within 0.5 mm. when 
reduced to the dimensions of the brain. 

> These statements are based on the records of about 30 animals which have 
been tested in the visual habit after operation. These cases will be reported later 
in detail. 
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EXPERIMENTAL DATA 

Four animals were used in these experiments. One (number 
13)' formed a control in which the orbital surfaces of both hemi- 
spheres were destroyed. The others were subjected to occipital 
injury. The records of the individual cases follow. 

Number IS. 

Orbital control: Small female about one hundred days old at the 
beginning of the experiment. Trained in visual discrimination. 
Number of trials required for learning: 100. 
Number of errors in successive ten trials during learning: 

4:5:5:3:1:3:1:0:0:1:0:0:0. 

Training was continued for 1400 trials after learning. 

Number of errors in successive hundreds of trials in over-training: 

3:0:2:0:0:0:0:0:0:0:0:1:0:0. 

The orbital surfaces of both hemispheres were cauterized. On the 
first two days following operation the animal showed disturbances of 
motor co5rdination, diflScidty in locating the food even when placed in 
contact with the dish, and lack of orientation in the experiment box. 
She made niunerous errors on these days. On the third day the motor 
difficulties had cleared up, but errors were still made and there was no 
indication of retention. On the fourth, fifth, and later days discrimi- 
nation was perfect. 

Post-operative retention tests; errors in successive ten trials: 5:2:6: 
0:0:0:0. 

Extent of lesions. Figure 3. Bight hemisphere. The lesion extends 
from the level of the knee of the corpus callosiun to the level of the an- 
terior margin of the superior coUiculus, including all of the orbital and 
temporal areas within these limits and extending into the parietal and 
ectorhinal areas. Left hemisphere. The lesion extends from the level 
of the knee of the corpus callosum to the level of the anterior margin 
of the superior colliculus, including the orbital and parietal surfaces 
but not extending so far onto the ectorhinal and temporal surfaces as 
that on the right. The subcortical nuclei of both sides were ioinjured. 

* In the first paper of this series visual discrimination was studied in twelve 
animals. For convenience of reference the animals of the present series are 
numbered in sequence with those. 
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This animal, after destruction of the orbital surfaces of the hemispheres^ 
gave evidence of operative shock, but recovered in three days and then showed 
perfect retention of the vistud habit. 

Number H 

Small female about one hundred days old at the beginnmg of the 
experiment. Tramed in visual discrimination. 
Number of trials required for learning: 80. 
Number of errors in successive ten trials during learning: 

6:3:6:4:4:2:2:1:0:0:0. 

Training was continued for 1200 triab after learning. 

Number of errors in successive hundreds of trials of over-training: 

3:1:1:0:0:1:0:0:0:0:0:0. 




Fio. 3. The Extent of the Lesions in Numbbb 13 
The parietal and orbital surfaces were destroyed 

The occipital and parietal lobes were cauterized. The animal was 
stuporous for five days following the operation and could not be tested. 
On the sixth day she was active, and when placed in the problem box 
reacted promptly and seemed well oriented. She never entered the 
dark alley more than once in a single trial, and, in general, showed re- 
tention of the kinesthetic-motor habits. She made many errors, how- 
ever, and gave no indication of discrimination. Retraining was con- 
tinued until discrimination appeared. During retraining the animal 
occasionally gave indication of discrimination, looking back and forth 
from one alley to the other and choosing correctly, but such reactions 
were rare, and give only questionable evidence of retention. Her be- 
havior was suggestive of some of the cases of partial destruction of the 
frontal pole studied earlier, which showed interference with, but not 
complete loss of the inclined-plane box habit. Such fluctuations in 
retention after cerebral injury in man have been emphasized by Head 
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C20). The lesion in this animal probably did not involve all of the 
visual area. 
Post-operative retention tests; errors in successive ten trials: 

6:6:6:3:1:4:6:4:3:2:1:0:0:0. 

Extent of lesions. Figure 4. Right hemisphere. The lesion begins 
at the level of the anterior margin of the tha amus and extends caudad 
to the level of the nferior coUiculus, including part of the parietal, 
occipital and superior temporal regions. It seems to leave the median 
and extreme caudal portions of the occipital pole intact. Left hemi- 
sphere. The lesion begins at the same level as that on the right, and 
covers approximately the same areas, but does not extend so far over 
the temporal area and leaves a little more of the occipital pole uninjured. 
The subcortical nuclei are uninjured. 




Fio. 4. Ths Extent op thb Lbsions in Numbbb 14 
The occipital pole of both hemispheres is uninjured 

After injury to the visual area, this animal gave an occasional suggestion 
of retention but required more practice for re6stablishment of perfect dis- 
crimination ihan was consumed in the original training. The operation 
probably did not destroy all of ike vistud area. 

Number 15 

Small female about one hundred days old at the beginning of the 
experiment. Trained in visual discrimination. 
Number of trials required for learning: 150. 
Number of errors in successive ten trials during learning: 

7:4:6:6:4:4:7:7:6:4:1:4:3:3:2:0:0:0. 

Training was continued for 1200 trials after learning. 

Niunber of errors in successive hundreds of trials of over-training: 

1:0:1:0:0:2:0:0:0:0:0:0. 
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The occipital regions were destroyed by cautery. Retention was 
first tested twenty-four hours after operation. The animal was active 
and the box habits were perfectly retained. She corrected her errors 
promptly, ran directly to the food, scratched at the door of the starting 
compartment, but gave no indication of retention of the visual habit 
for 60 trials of the retention tests. In the original training this animal 
was unusually timid. The fear reactions disappeared during over- 
training and did not reappear after operation. Hie fact that releam- 
ing was more rapid than the original learning is probably due to this 
difference. 

Post-operative retention tests; errors in successive ten trials: 

7:6:3:6:5:5:2:3:1:0:0. 

Extent of lesions. Figure 5. Bight hemisphere. The lesion begins 
at the level of the anterior margin of the superior coUiculus and extends 
caudad to the occipital pole, including all the cortex of the dorsal siur- 





FiG. 5. The Extent of the Lesions in Numbbb 15 

face. Left hemisphere. The lesion begins at the same level as that 
on the right, but does not extend to the pole, an area equal to the 
thickness of the cortex remaining uninjured in the caudal region. 
The subcortical nuclei are iminjured. 

After destruction of the visiuil cortex this animal showed no evidence of 
shockf biU failed to retain the visiial habit. The habit was regained with 
less practice than was required for the original learning, owing, probably, 
to the retention oj kinesthetic-motor habits and reduction of timidity. 

Number 16 

Small female about one hundred days old at the beginning of the 
experiment. Trained in visual discrimination. 
Number of trials required for learning : 100. 
Number of errors in successive ten trials during learning: 

6:7:7:2:3:1:1:1:0:1:0:0:0. 
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Training was continued for 1200 trials after learning. 

Niunber of errors in successive hundreds of trials of overtraining: 

4:0:0:0:0:1:0:0:0:0:0:0. 

The occipital cortex was destroyed by cautery. Retention was first 
tested twenty-four hoiurs after operation. The animal was very active 
and seemed quite normal in her reactions. She corrected errors prompt- 
ly and never hesitated on the way to the feeding compartment. She 
gave no evidence of retention of the visual habit on this or the following 
days. 

Post-operative retention tests; errors in successive ten trials: 

7:4:3:4:5:5:3:3:4:1:1:0:0. 

Extent of lesions. Figure 6. Right hemisphere. The lesion extends 
from the level of the anterior margin of the nucleus habenulae to the 
posterior limit of the external capsule. All the cortex of the dorsal 





Fio. 6. The Extent op the Lesions in Numbeb 16 

surface within these limits is destroyed. The cortex of the inferior 
temporal area and of the extreme occipital pole is intact. Left hemi- 
sphere. The lesion begins at the level of the pillars of the fornix and 
includes approximately the same area as that on the right, but does not 
extend onto the temporal surface. The dorsal lobes of the hippocampus 
are destroyed on both sides. The subcortical nuclei are iminjured. 

After destruction of the visual area^ this animal showed normal activity , 
retention oj kinesthetic-motor habits^ and complete loss of the visiud habit. 
Releaming required a little more practice than learning. 

The results of these tests are summarized in table 1. The 
control animal (number 13), with extensive lesions in the orbital 
regions, showed confusion for three days, then quick recovery 
with immediate reappearance of the habit. Number 14, after 
occipital injury, was stuporous for five days, then regained 
normal acitvity and kinesthetic-motor habits, but did not make 
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a perfect record imtU after retraining for 110 trials. Numbers 
15 and 16, after occipital lesions, gave no indication of shock 
from the operation, retained kinesthetic-motor habits, but lost 
the visual habit. 

These animals had all received 1200 or more trials of over- 
training. The records of nimibers 10 and 11 from the earlier 
experiments are included in table 1. The occipital lobes of these 
animals were destroyed after less than one hundred trials in the 
discrimination box. Both show loss of the habit, with releam- 
ing as rapid as that of the over-trained animals. The over- 
training, therefore, does not increase the power of the habit to 
survive occipital injury or to be reacqidred after the operation. 

TABLE 1 

Errors made in reimUxon tesU by animdU after openUian. Five errore in ten triaU 
is the chance expectation and indicates lack of diecrimination. Ntmber IS, tem^ 
parol lesions; numbers 14, 16, and 16, occipital lesions after long training; nuin- 
hers 10 and 11, occipital lesions after brief training. 



NUMBBB 


LBABNINO 


BBLBABNIKO 


■BBOBS XK STJOOSMITB TSM TBIAIil OF BITBMTION TSRB 


13 


100 


80 


5 2 6 


14 


80 


110 


66531454321000 


15 


110 


90 


76365523100 


16 


100 


110 


7434553341100 


10 


60 


100 


655330102200 


11 


60 


74 


3 (of 4) 649203400 



Early in the retention tests all of the over-trained animals 
gave evidence of normal activity and retention of the kinesthetic- 
motor habits of the discrimination box. The loss of the habit 
in them, therefore, can not be ascribed to general shock resulting 
from the operation. The direct eflfect of the operation upon 
lower visual centers is also ruled out by the facts, first, thsA 
ihese centers showed no microscopically detectable lesions and, 
second, by the results with number 13, in which the cautery 
passed close to the pulvinar and external geniculate body on both 
sides, without abolishing the habit. From this it seems clear 
that the loss of the habit is not due to shock or to injury to the 
optic thalamus but is a specific effect of the destruction of the 
visual cortex. 
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These considerations lead to the conclusion that overtraining 
up to twelve hundred trials does not alter the cerebral localiza- 
tion of the habit of visual discrimination. The functional 
activity of the visual cortex is still necessary to the performance 
of the habit and there is no indication that subcortical nuclei have 
taken over any part of ihe reaction, even sufficient to facilitate 
releaming. The cerebral area functional in learning seems to 
retain the same function after prolonged training. 

THE QUESTION OF AUTOMATIZATION 

Thus far in tihe discussion I have taken it for granted that 
1300 trials of practice would produce automatization. That 
assumption, however, is open to question. The test for automati- 
zation in man is the ability to carry on the habitual act while 
the verbal or other complex mechanisms are making other non- 
habitual adjustments. In the rat such a test is not readily 
practicable and it is necessary to fall back uponindirectmethods 
of judging the degree of mechanization of the habit. 

No data upon the amoimt of practice necessary to auto- 
matize a simple visuo-motor habit in man are available, but 
certainly less than 1000 trials are sometimes effective. Some of 
my own automatic reactions, such as changing to a laboratory 
coat, have been established in less than 500 trials. The habits 
of shifting tihe stimulus lights and doors of the discrimination 
box are automatized by the experimenter long before the animals 
cease to make errors in discrimination. 

It can not be argued, then, that 1300 trials are inadequate to 
produce mechanization imder some conditions. Whether tihey 
did so in these experiments can be judged only from general 
observations on the behavior of the animals. In the early 
stages of training the rat frequently hesitates at the entrance 
to the alleys, sways back and forth as though looking at first 
one, then the other stimulus plate, and finally advances slowly 
into one alley. Later, these comparing movements disappear, 
but for several hundred trials they occasionally recur. At this 
stage of learning, if the animal is disturbed by a noise or jar as 
it enters the alley, it stops, makes comparing movements or 
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smells at the stimulus plate, and explores the alleys before 
passing to the food compartment. By the end of the thousandth 
trial all such reactions had disappeared in these animals. The 
door of the starting compartment is of glass so that the stimulus 
plates are visible through it. Seemingly the animals, after a 
thousand trials, were oriented toward the light before the door 
was opened and dashed through to the food the moment the 
door was raised. If they were distracted on the way, they did 
not stop and make comparing movements, but whirled about 
and returned to the starting compartment, then rushed back 
through the illuminated alley. This last bit of behavior is highly 
suggestive of the human tendency to start an automatized 
reaction all over again when it is interrupted, and forms the 
strongest evidence available that the habit was really mecha- 
nized. Finally, the regularity and acciu^acy with which the habit 
appeared and the fact that none of the animals made more than 
three errors in the last thousand trials indicate that the reaction 
was reduced to a condition where it required no very complex 
adjustments. From these facts it seems almost certain that, 
after a thousand trials, the visual habit had reached a stage 
comparable to that of complete automatization in man. 

THE NEUROLOGICAL BASIS OF AUTOMATIZATION 

The evidence from pathological cases in man is inconclusive. 
Occasionally a long practiced habit, such as the patient's ability 
to recall his name, persists in an otherwise complete aphasia. 
But a strong case could be made for the view that these habits 
persist, not by virtue of long practice, but because they have 
a deep emotional significance and hence receive a tonic rein- 
forcement that is lacking to other activities. Certainly, hymn 
singing and profanity are among the most common accomplish- 
ments of aphasiacs. On the other hand, many activities that 
are certainly automatized in the great majority of individuals 
fail to survive in apraxia or aphasia from cerebral lesions and so 
are clearly not mediated by subcortical nuclei. The pathologi- 
cal evidence certainly can not be advanced as proof of the reduc- 
tion of habits to subcortical levels. 
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Many, perhaps the majority of automatized habits in man, 
have a proprioceptive rather than exteroceptive basis. The 
present experiments seem adequate to prove that visual habits 
are not reduced to subcortical levels by long practice. Is the 
same true of habits having a kinesthetic basis? The work of 
Franz and the writer indicated that the latch-box habit was 
abolished by frontal destruction after a considerable period of 
overtraining. Simpler habits, such as that of the maze with a 
single cul de sac, were imdisturbed by frontal lesions even after 
only a brief period of training. I have since tested retention 
of the discrimination box habits after extensive lesions involving, 
in one or another animal, every part of the cerebrum except 
the ectorhinal area. Irrespective of the position of the lesions 
these animals have shown fairly perfect retention of the kin- 
esthetic-motor habits of the discrimination box. The simple 
tactual- and kinesthetic-motor habits have no cerebral locali- 
zation at any stage of training. Whether they are mediated 
by diffuse arcs passing through all parts of the cortex, or are 
formed at subcortical levels is uncertain. I have obtained 
formation of such habits in nearly decerebrate animals, in which 
only the inferior temporal and ectorhinal areas were intact, 
but this is not sufficient to settle the question. 

Whatever the explanation of these facts, they suggest that for 
kinesthetic-motor as well as for visual habits, the cortical or 
subcortical representation is determined at the time of learning 
and is not modified by subsequent practice. 

If long practiced habits are not reduced to subcortical levels, 
what is the neurological basis of automatization? The musician 
may not speak when first learning a difficult movement but later 
his verbal reactions are dissociated from the manual coordina- 
tions so that the two processes may go on simultaneously. It is 
this capactiy to fimction without exciting reaction systems other 
than those directly concerned with its performance that charac- 
terizes the automatic habit. Such a condition might be brought 
about by blocking cerebral associative connections, and this 
seems to be the only alternative to reduction to subcortical 
levels. An analogous situation is presented by the differentiation 
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of the conditioned reflex to a specific stimulus (Bechterew^ '13). 
Whether the confining of unpulses to a single path is the result 
merely of repetition or of some active inhibitory or blocking 
process can not be decided from existing evidence. Some 
professional musicians who have never practiced talking while 
playing do not show the dissociation of the fimctions, and I have 
seen the dissociation increased by practice. This would indicate 
that some active conflict between the reactions is essential to 
their dissociation, and suggests that, perhaps, the mechanisms 
of automatization and of dissociation through conflict and 
repression in the Freudian sense may have much in common. 

STTMBIABT 

Animals were trained in a habit of visual discrimination and 
were then given additional practice for twelve himdred trials. 
Destruction of the visual area after this training resulted in loss 
of the habit. Retention of other habits showed that the loss 
was due to destruction of visual conditioned-reflex arcs and not 
to operative shock. Long training did not reduce the habit 
to subcortical levels. 
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THE RELATION OF THE LATERAL LINE ORGANS OF 
NECTURUS TO HEARING 

W. J. PAUL DYE 
Zoological Laboratory, University of Wisconsin 

Among senses hearing is quite unusual. It is restricted to 
comparatively few groups of animals, and those possessing it 
are highly organized members of their groups. The Arthropods 
and vertebrates seem to be the only animals that can really hear; 
all others probably live in silence. The ear is an unusually per- 
fect mechanism, even excelling the eye. An untrained human 
ear is able to distinguish between two musical tones struck simul- 
taneously, but the eye is not able to distinguish the various colors 
that make up 'Vhite" light and is easily deceived by blends and 
mixtures. 

The ears of aquatic vertebrates are on the whole less eflScient 
than those of birds and mammals. However, fishes, amphibian 
tadpoles, and adult aquatic salamanders have accessory organs 
for perceiving vibratory stimuli which the more specialized 
vertebrates lack. These are the lateral line organs. In fishes the 
auditory apparatus is rather simple, consisting of an '* inner'' 
ear, imbedded in the skull, and the lateral line organs. Parker 
(1903-1911) has demonstrated that a fish's ear is sensitive to 
soxmds and that the lateral line also serves as an accessory organ 
of hearing, responding to vibrations of low rate. 

Though aquatic amphibians possess lateral line organs, their 
reactions to sounds have not been studied. This paper describes 
experiments which were carried out in order to test the function 
of the lateral line organs of the mudpuppy in relation to slow 
vibrations in water. 

Following the methods used by Parker (1905), a wire cage was 
suspended from the ceiling so that it himg partly in the water 
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of a large aquarium. On one side of the aquarium a wire was 
stretched so that it could be made to vibrate at a low rate — 120 
times or less per second. There was no opportunity for vibra- 
tions which originated on the floor or sides of the aquariiun to be 
conmiimicated to a mudpuppy in the cage, except through water. 

Two types of mudpuppies were tested: (1) normal individuals 
and (2) those in which the nerves supplying the lateral line organs 
had been cut. After preliminary dissections and experiments 
it was found that the seventh and tenth cranial nerves could be 
readily cut by making a small incision just behind the gills. 

When a normal mudpuppy was placed in the cage and the 
wire was set in vibration, three chief types of responses were 
observed: (1) the rate of respiratory movements of the gills 
increased and was maintained at a higher level for a brief period; 
(2) the gills, if moving, stopped; (3) the whole animal might make 
a sudden movement, as if startled by the soxmd. 

The most satisfactory criterion in observing the behavior of 
the animals was the rate of gill movements, and this was used as 
a standard throughout the experiments. Ten normal mud- 
puppies were each subjected to ten tests in the apparatus and 
the responses to the vibration of the wire were made ninety-five 
times. When five mudpuppies in which the nerve connections 
to the lateral line system had been severed were subjected to 
similar tests only three doubtful responses resulted in fifty trials. 
These results indicate that the lateral line of the mudpuppy 
serves the same function in aquatic amphibians that it does in 
fishes. 

Observations were made which appear to indicate the length 
of time required for the reestablishment of connections with the 
lateral line organs after the nerves had been cut. The animals 
in which the lateral line nerves had been cut were subjected to 
the tests at intervals of two dajrs. About the eighteenth day 
from the time of the operation, doubtful responses were noticed. 
On the twenty-first day the animals responded as they did before 
the operation. This indicates that the regeneration of the con- 
nections had taken place and also gives further support to the 
view that the lateral line system is of importance in the dis- 
crimination of sound vibrations. 
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COORDINATION IN THE STARFISH 

I. BEHAVIOR OF THE INDIVIDUAL TUBE FEET 

W. F. HAMILTON 

Department of Physiology , Yale University 

It is the object of this paper to inquire in some detail into the 
behavior and reflexes of the individual tube feet of certain star- 
fish and to describe some experiments designed to add to our 
knowledge of the phjrsiology of these organs. I hope later to 
publish papers on the locomotor and righting activities of star- 
fish under normal and various unusual conditions. 

The work was prosecuted under the direction and with the 
kindly help and criticism of Professor S. J. Holmes of the Depart- 
ment of Zoology, University of California. I also received valuable 
advice from Professors S. S. Maxwell and T. C. Burnett of the 
Physiology Department, University of California. Professor W. 
K. Fisher of the Hopkins Marine Station of Stanford University 
extended to me every courtesy and excellent laboratory facilities 
during my short sojourn in Pacific Grove. He determined and 
helped me collect my material. I wish to express my sincere 
thfioiks to these men. 

To my wife, for her many cheerful sacrifices and her willing 
help in numerous wajrs, is due my fullest gratitude. 

UTERATUBE 

Reamtu- (1710) was perhaps the first to analyze adequately 
the mechanism of extension and retraction of the tube feet. In 
his description we find the first expression of an ancient zoo- 
logical tradition, attributing locomotion in the starfish to the 
shortening of tube feet which have been thrust out in front and 
attached to the substrate. Romanes and Ewart (1881), Preyer 
(1886), Mangold (1908) are some of the phjrsiologists who record 
the activities of the tube feet from a purely descriptive view- 
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point subordinating these observations to descriptions of the 
behavior of the animal as a whole. Mangold (1908a), however, 
has worked out in some detail the relation between the activity 
of the ampullae and tube feet and has sketched the various pos- 
tures assumed by the latter organs in locomotion and in the 
self-burying reaction (Astropecten). 

The work of Jennings (1907) was also descriptive in nature 
but marked an advance in that it showed the tube feet serving as 
''legs'' for pushing rather than as ''ropes" for hauling the animal 
forward. According to Jennings "They (the feet) do not pull, 
but on the contrary they push backward a certain amoimt just 
as do the feet of a higher animal. " The suckers merely prevent 
the tube feet from slipping. The tube feet fxmction as more or 
less rigid supports to the animal elevating it, during locomotion, 
well above the substrate. This has been confirmed by Cole 
(1913a). 

PHYSIOLOGICAL STATES 

Before beginning an analysis of the phjrsiology of the tube 
feet, I shall describe three different physiological states, since the 
behavior of the tube feet (and other organs) differs markedly 
imder the different physiological conditions. 

Starfish are spoken of as locomotor when all of the tube feet 
are "oriented" in some one direction. The tube feet reach out 
actively toward the temporary anterior and may or may not be 
stepping, depending upon conditions which will be considered 
later. 

Starfish are spoken of as active but imoriented when the tube 
feet of the different rajrs are active in a locomotor sense but there 
is no coordination in the direction of their activity. The tube feet 
are usually oriented toward the tip of the ray on which they are 
situated. 

Starfish are spoken of as rigid when the tube feet show a 
strong tendency to attach and the muscles of the myodermal 
sheath are so contracted as to make the animal extremely stiff 
and sluggish. There is little or n6 tendency toward locomotion, 
the tube feet often being oriented somewhat toward the disk. 
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The physiological states merge gradually into one another, 
though in their typical state they are clearly marked. They have 
been noted in the following species: Pisaster ocraceus (Brandt), 
Pycnopodia helianthoides (Stimpson) and Asterina miniata 
(Brandt). 

On the surf-beaten rocks of Monterey bay, near the Hopkins 
marine station, Pisaster ocraceus is always in the rigid attached state 
and will often remain so even after being kept in an aquarium 
for as much as three weeks, after which time it may start active 
migration. This is not true of other species, and the same species 
when collected from the quiet waters of Oakland harbor begins 
migration as soon as it is placed in the aquarium. This difference 
in behavior is probably a habitat response and its persistence for 
as much as three weeks is a rather striking example of what may 
be called the phjrsiological inertia of the animal. 

REACTIONS OP THE TUBE-FEET 

The tube feet in the course of their normal activities are seen 
to extend, to retract, to attach and to perform the locomotor 
step reflex. In the following pages we shall inquire into the 
phjrsiological relationship of these reactions to each other, to 
the physiological state of the organism and to various types of 
stimulation. 

Extension 

Extension of the tube feet, as is well known, involves a con- 
traction of the ampullar muscles and a relaxation of the longi- 
tudinal muscles of the tube foot. 

Extension is spontaneous in animals of any of the three phjrsio- 
logical states, though often least active in rigid starfish. In 
locomotor, or active but unoriented animals the tube feet extend 
at an angle to the arm which, as will be shown, is related to the 
direction of locomotion. 

In order to learn how dependent extension is upon the central 
nervous system, tube feet were amputated and equipped with 
*' artificial ampullae,'' by tying them over the end of a capillary 
tube (fig. 1) which was connected through a long rubber tube 
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with a reservoir of sea water. By raising or lowering this reser- 
voir, the pressure against the inside of the tube foot co\ild be 
varied. When imder 10 cm. (HfO) pressure, the tube foot would 
extend, though much more slowly than normally, and not to its 
complete length. Increasing the pressure to 2 m. (HfO) increased 
the extent but not noticeably the rate of elongation. Tube foot 
preparations, if anesthetized in MgSOi presented an increase in 
length and diameter showing a relaxation of their longitudinal 
and circidar muscles. The injected tube foot preparation, will 
if bent to one side, remain in that position for a few seconds and 
slowly resume its original curvature. (Cf. Von Uexkiill (1900) 
on the reactions of sea urchin spines.) These movements are 




Fxo. 1. An Isolated Tube Foot Prspabation 

physiological because they do not persist after anesthetization. 
Tube foot preparations all were curved toward the pseudohemal 
canal (Cuenot, 1888). This curvatiu^e persists in the anesthe- 
tized or dead preparations and is therefore probably due to 
mechanical rather than to physiological causes. 

Attachment 

Attaching is conditioned by the physiological state of the 
animal. Rigid animals are much more likely to attach strongly 
than animals in either of the other physiological states. The 
reflex is an incupping at the center of a properly stimulated area 
of the disk, no matter what the size or shape of this area may be. 
This is illustrated by gently touching the disk with a blimt 
needle-point or the side of a small hook. The tube foot will 
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attach to these objects so strongly that it may be pulled quite 
out of shape (fig. 2) before releasing. 

Tube foot preparations, made very carefully, were found, 
upon being placed against a substrate, to attach and hold against 
enough tension to sometimes tear off a part of the disk (fig. 3). 
This power of attaching was lost after a few trials. 




Fig. 2. A Tube Foot Attachjbd to a Blunt Needle Point Which has been 
Pulled so Stbonglt as to Distort the Disk 




Fig. 3. An Isolated Tube Foot Preparation Attaching to a Smooth 

Substrate 

It was noted with considerable interest that tube foot prep- 
arations made from rigid starfish were much more likely to 
attach than those made from animals in active locomotion, or 
that were feeling about the surface film. Thus a tube foot may 
attach when not connected with the central nervous sjrstem (see 
Von Uexkiill, 1900, Cowles, 1911, Clark, 1899, Bottazzi, 1898 and 
Russo, 1913) and fluctuations in the physiological tendencies of 
the organism may persist in its amputated organs (see Von 
Uexkiill 1903 on the trapping of ''tonus")- 
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Withdrawal and detachment 

Harsh contact stimulation of any part of the pedicel will 
usually induce both withdrawal and detachment, as will gentle 
stimulation of the side of the column. Gentle stimulation of the 
disk, however, often induces withdrawal without detachment as 
can be shown by touching the disk with a light suspended object 
(fig. 4). This reaction occurs when the rigid starfish shrinks 
down tightly against the substrate, and as the rigid state merges 
into the locomotor state, this type of withdrawal intergrades 
with the step reflex. 

Detachment and shortening of the longitudinal musculature 
follow harsh stimulation of the attached isolated tube foot 
preparation. 

The step reflex 

The step reflex, which is concerned in ordinary locomotion and 
in the righting reaction, is initiated only by contact stimulation 
of the disk of tube feet which are in the locomotor state. If an 
animal which is in the rigid state be stimulated to crawl, it will 
gradually change into the locomotor state. Tube feet, stimu- 
lated on the disk during this change present a series of reactions 
(figs. 4, 6 and 6) which show every gradation from simple with- 
drawal to a complete and normal step reflex. In this transfor- 
mation, the first change involves an extension of the tube foot 
immediately after the stimulation (by some light suspended 
object) and a slight movement of the disk away from the direc- 
tion of extension before the retraction (fig. 6). As the rigid 
state passes off the extension and bending back become more 
pronoimced resulting finally in the normal step reflex (fig. 6). 
The result of the extension is the support of the animal by the 
rigid tube feet acting as legs (see fig. 7, after Jennings, 1907). 
The result of the bending back of the tube foot is the forward 
movement of the starfish. 

Under the ordinary circmnstances of locomotion the moving 
back of the tube foot is followed by retraction, and retraction 
by reextension in the direction of locomotion. In case this re- 
extension involves contact with the substrate the step reflex is 
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Flo. 4. Diagram of the Withdrawing of a Tube Foot on a Rigid Stabfibh 
The disk has been stimulated by a light object to which it has attached 




Fig. 6. Diagram of the Withdrawing of a Tube Foot on a Starfish Which 
18 Beginning to Become Oriented Toward the Left 
The disk has been stimulated by a light object to which it has attached but 
instead of a simply withdrawing it extends somewhat and sweeps back to the 
right. 
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Fka. 6. Diagram or the Step Reflex as a Response to SmniLATiON bt a 

Light Object 
Note similarity to withdrawing response (fig. 5). (Nerve elements as illus- 
trated by Cuenot, 1888.) 




FiQ. 7. Diagram Showing How the Tube Feet, Acting as Legs, Keep the 
Animal Well Above the Substrate (After Jennings, 1907) 
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repeated. These movements which involve attachment to the 
substrate, as will be shown in detail later, are those of ordinary 
locomotion. As long as the locomotor impluse remains unim- 
paired and contact stimuli result from extension, each tube foot 
repeats the step reflex in harmony with its fellows as to direction 
but independently as to time. 

The necessity of the contact stimulation for the initiation of 
the step reflex is made clear by the following experiment: A 



a, 




Fig. 8. Diagram Illustrating Differential Sensibiuty in the Oriented 

Tube Foot 
A normal step reflex is more apt to follow contact stimulation at a than at 6 

large specimen of Pycnopodia was inverted under water while 
migrating. The tube feet extended themselves toward the 
temporary anterior and remained so extended without any sign 
of the step reflex. A piece of thin celluloid was then laid upon 
the tube feet. The contact stimulus thus provided elicited 
immediately vigorous step reflexes, so that the celluloid was 
rapidly "walked" to the temporary posterior of the starfish. 
Tube feet which came in contact with the surface film of the 
water also imderwent the step reflex. It was thus foimd that 
animals held ventral side up in the air executed active step 



Digitized by 



Google 



482 W. F. HAMILTON 

reflexes with all their tube feet, the contact stimulus being fur- 
nished by the surface film contracting aroimd the tube foot. 

Upon what does the direction of the back sweep depend? If 
an extended oriented tube foot (fig. 8) be stimulated at the 
point b, it is less apt to give the typical step reflex than if stimu- 
lated at a. There is therefore some differential sensibility of the 
various parts of the ambulacral disk. In ordinary locomotion, 
however, the disk being pressed flat against the substrate, and 
in case of the step reflex elicited from the contact of the surface 
film, the whole of the disk is stimulated. The orientation of the 
step reflex is, therefore, imder ordinary circumstances, not 
dependent upon the location of the stimulus so much as upon the 
greater excitability of the muscles on the distal side of the tube 
foot (orC, fig. 8). This is comparable to the increased tension 
of the muscles 6 d in the precontact stages of the step reflex (see 
Von UexkuU, 1903). 

We can best leave the analysis of oriented coordination for 
later consideration and say at this place that the orientation of 
the step reflex takes the direction of the orientation of that part 
of the animal imder observation. 

Stattia of the attaching reflex during the step reflex 

The tube feet are attached to the substrate, under ordinary 
circumstances, dtiring the back sweep of every step reflex. The 
strength of this attachment (1) varies during the progress of the 
step reflex, (2) varies as a more or less constant multiple of the 
resistance to the step and (3) differs widely with different species 
of starfish. 

The tendency to attach seems strongest during the 'first part 
of the step. Slipping and release does not occur with much 
frequency until after the tube foot has pushed back more than 
half way. 

This conclusion is strengthened by an experiment on the very 
active tube feet of Pycnopodia. A large grain of sand was placed 
on one of the ambulacral disks. The step reflex which resulted 
was so violent that the sand grain was thrown, as from a miniar 
ture catapult, a distance of 4 or 5 cm. On repeating this the 
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elevation, or angle of fire was seen to be such as would entail 
release of ^ the pebble from the disk during the third quarter of 
the arc that the disk describes in back sweeping. I have not 
observed this vigorous catapulting activity on the part of other 
starfish (Piaster y Asterina, etc.). 

To determine whether the strength of attachment is constant 
or whether it increases as the starfish pulls against increased 
resistance, the following experiments were imdertaken. 

One of the rays of an Asterina was tied by a long thread to a 
spring recorder which was calibrated to grams and set to write 




Fig. 9. Cubvb Made bt a Caubbatbd Spring Rbcordeb on a Slowly Moving 

Drum 
a-6 records the pull exerted against the resistance of the spring, 6-c the 
additional tension which could be applied before causing the animal to release 
hold on a glass substrate. 

on a slowly moving drum. When the animal pidled against the 
spring, the strength of the pull was recorded as the height of 
the curve (a-6, fig. 9) above the base line. Now, when the animal 
had pulled the spring up to various heights, the glass plate on 
which it was walking was suddenly slid forward in the direction 
of locomotion. This resulted in an increased tension on the tube 
feet (recorded as &-c, fig. 9) which finally became sufficient to 
cause the animal to release hold on the substrate, when the 
writing point at once went down to the base line at d. Observa- 
tions were made for various values of pull (6 d) and their relation 
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to the strength of attachment (c d) computed. The results are 
shown in table 1. 

Disregarding the high values of the first three observations, 
due observably to the fact that certain of the tube were "refrac- 
tory, " that is had not become codrdinated in the step reflex and 
were simply attaching, we find that the strength of attachment 
of the tube foot, is on the average 2.7 times the amoimt of pulling 
the tube foot is doing at the time. That is to say the tube feet 
are attached strongly enough to resist a pull 2.7 times as great 



TABLE 1 



Relation of resistance to step, and strength of attachment of the tube feet in the 

crawling Asterina 



BB0UTAJIOB TO RXP 

(snmroTR or puu.) 
6 i, nouBB 9 


e i, nouBB 9 


ei 

hi 


2g. 


15 g. 


7.5 


3 


15 


5.0 


5 


27 


5.5 


6 


21 


3.5 


9 


24 


2.6 


12 


36 


3.0 


18 




45 




18 


18 av. 


57 64 av. 


3.0 


18 




60 




27 


66 


2.0 


33 


84 


2.5 


Average of Iflat 8 obsen 


rations 


2.7 











as that to which they are at that time subjecting themselves; 
a factor of safety against skidding of 2.7 on the smoothest sur- 
face. The value of friction in the above experiment was tested 
with the starfish inverted and foimd to be negligible (about 3 g). 

In Pycnopodia, the relationship is even more cosntant though 
it has a wholly different value. The figures are given in table 2. 

The difference in the value of the figure is due to specific dif- 
ferences between the two starfish. It is not correlated with the 
relative ability of the tube feet of the two starfish to attach when 
not in the locomotor state, for the tube feet of a rigid Asterina 
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(which attach tighter during locomotion) are much less firmly 

fixed to the substrate than those of a rigid Pycnopodia. 

c d 
Whether the relation t— 3 between the resistance to the step 

a 

and the strength of attachment is constant, logarithmic or of 

some other nature can be determined only by a long statistical 

inquiry. It is fairly constant within certain limits. 

Scheinmetz (1896) states that a starfish is able to exert a pull 

of 1350 g. in opening a bivalve, to which pull the bivalve gave 

way in short order under eicperimental conditions. His method 

of measuring the pull was directed rather to measure the strength 

of the attaching reflex, because he recorded the pull that caused 

TABLE 2 

RekUton of resistance to step and strength of attachment of the tube feet in the 

crawling Pycnopodia 



BBSUTANCB TO flTBP 

(flTRKNOTH or PULL) 

if, PIOUBB 9 


ffrBBNOTH OP ATTACRMBltT 

e it piouRB 


ci 
bd 


9g. 
18 
24 
30 
36 


18 g. 

33 

60 

60 

72 


2.0 
1.8 
2.6 
2.0 
2.0 


Average 


2.06 







a starfish to let loose its prey and not the pull which would over- 
come a maximal contraction of the longitudinal musculature of 
the tube feet. The amoxmt of pull exerted by a tube foot, xmder 
conditions of locomotion at least, is as seen from the above 
figures from one-half to one-third of the strength of attachment 
at that moment. 

The strength of the step, or the pulling ability of different 
species differs widely. One ray of a small Pisaster was attached 
by a long thread to the spring recorder and the animal set to 
pulling against the thread. It remained oriented directly away 
from the recording apparatus for thirty-three hours during which 
time it was constantly pulling at a tension which rose with minor 

COMPABATITB P8TCHOLOOT, TOL. 1, NO. 6 
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fluctuations to 225 g. It was at the end of the thirty-three hours 
when this maximiun was reached. The arm then broke off at 
the thread, and the starfish, without showing any signs of fatigue, 
migrated very rapidly and quite continuously away from the 
injured arm. It was extraordinarily active for dajrs after. 

An Asterina of about the same size would only exert a pull of 
about 65 g. on the average of several trials. The peak of the 
curve was reached after about twenty minutes and the decline 
lasted two hours. The animal was not active after the pulling. 
Fatigue may be the cause of the quick decline as compared with 
Pisaater. 

A very large Pycnopodia (50 cm.) which was extremely active 
and had according to VerriU's estimate (1914) 22,000 tube feet 
was tested in this same manner. The pulls recorded were 54, 
45, 30 and 60 g. with time relations similar to those in case of 
Asterina. 

This very low pull, for such a large and active animal, was 
thought to be due to the failure of the attaching reflex. The 
status of the attaching reflex could no be tested directly because 
there were tube feet that were "refractory" (attached and not 
imdergoing the step reflex). Such tube feet would vitiate the 
significance of the point of release (c, fig. 9). Failure of attach- 
ment, however, was inferred because certain of the tube feet 
were observed to slip during the step and because when a weight 
was put on the back of the pulling animal, thus increasing the 
friction between the tube feet and the substrate, the value of the 
pull was increased. This was not the case when the weights 
were laid on the back of Asterina or Pisaster while these animals 
were pulling on a solid substrate but the value of the pull was 
increased by weight, when the attaching reflex was ruled out by 
putting the animals (Asterina or Pisaster) on sand. 

The low pulling ability of Pycnopodia may be related to the 
fact that instead of pulling open its bivalve prey as do Pisaster 
and Asterina, it engulfs them as does Astropecten (Scheinmetz, 
1896) which possesses no suckers on its tube feet at all. 



Digitized by 



Google 



COORDINATION IN THE STARFISH 487 

SUMMARY 

1. Pisaster ocraceus presents the three following well marked 
physiological states: (1) ''locomotor," (2) "active but imori- 
ented," (3) "rigid." The responses of the tube feet and arms 
differ markedly according to the physiological states of the 
animal. Other starfish studied present analogous physiological 
states. 

2. Extension of the tube feet is spontaneous in animals in any 
of the three physiological states. An isolated tube foot inflated 
with water imder pressure can be caused to slowly extend. The 
reaction is not quite normal. 

3. Attaching is conditioned by the physiological state of the 
animal. An isolated tube foot carefully prepared and inflated 
with water will attach, and is more apt to do so if taken from a 
rigid starfish than if taken from a locomotor animal. Attachment 
may involve only a part of the ambulacral disk. 

4. Withdrawal is a response to contact stimulation as is de- 
taching imder certain conditions. 

5. The step-reflex intergrades with the withdrawal response as 
elicited by contact stimulation of the ambulacral disk. It is 
dependent upon contact stimulation and the presence of loco- 
motor orientation which orients the step-reflex and conditions 
the tube feet to serve as a rigid "leg" during locomotion. The 
tube foot is attached most strongly during the first part of the 
step reflex. It is attached with 2.8 {Asterina) or 2.06 (JPycno- 
podia) times as much force as it exerts in pulling against resis- 
tance. The factor is fairly constant for various values of the 
resistance. The amoimt of force exerted in the step reflex varies 
markedly with different species. 
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TEMPERAMENT AND BODILY CONSTITUTION 

FREDERICK S. HAMMETT 
From The Wiatar Institute of Anatomy and Biology, Philadelphia 

Temperament can be defined as the general trend of conduct 
of an individual in response to stimuli. Bodily constitution is 
the structural make-up of the organism to which fimction must 
be added when activity is under consideration. The doctrine of 
psychology that temperament is largely a matter of bodily con- 
stitution is based on these premises. 

McDougall (1) has grouped the temperamental factors into 
''two principal classes — on the one hand, the influences exerted 
on the nervous sjrstem and through it on mental processes by 
the functioning of the bodily organs: on the other hand, general 
functional peculiarities of the nervous tissues. " If we alter the 
phrasing of the second designation to read: ''on the other hand 
the influences exerted by the nervous system, and hence, in part 
at least, by the central processes on the functioning of the bodily 
organs, " there is introduced the idea of a reciprocal or reversible 
reaction lacking in the original proposition and which includes 
the general functional characteristics of the nervous sjrstem as 
exhibited in dififerences of "excitability, rapidity of response, — 
fatigability and rapidity of recuperation." There will be 
adduced in support of the theory of the reversibility of the reac- 
tion — ^Bodily Constitution ?:±Temperament, certain experimental 
data acciunulated during the past two years, and an attempt 
will be made to demonstrate that the endocrine system largely 
directs the reversible reaction just outlined. 

In view of the experimental findings to be utilized in this dis- 
cussion, it is necessary to present a brief sketch of an idea con- 
cerning the relation of temperament to the expression of instinct. 
From the point of view of psychology, instinct is innate natural 
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tendency. The physiological interpretation of those phenomena 
described as instinctive, as nothing more nor less than reflex 
actions with all the term ''reflex" implies, affords a basis of 
understanding into which may be woven the conditioning 
influences of dififerentiation of function accompanying evolu- 
tionary development. It is unnecessary to go into any exposi- 
tion of the part played by the phylogeny of the nervous sjrstem 
in the development of reflex mechanisms. When Gaskell's idea 
that the nervous system has been the dominant factor in evolu- 
tion is considered from this point of view, it is seen that 
the domination is actually a facilitation for adaptation to en- 
vironment, the efficiency of which determines the degree of 
advancement. 

Now it is evident that with the differentiation of the tissues 
into organs of a predominantly specific function there occurred 
a simultaneously increasing influence of the nervous system on 
these new cell colonies. The resultant control of these special 
cell groups — ^which in turn may furnish hormones — of necessity 
gave rise to factors in the expression of reflex activity, with the 
consequence that the expression of instinct became more and 
more conditioned in mode or degree but not necessarily in its direc- 
tion. There thus developed an increasing niunber of specific 
endogenous stimuli to which the organism reflexly responds as 
well as to the exogenous stimuli arising from without. There is 
little doubt that the sources and character of the exogenous 
stimuli are the same to-day as they were when organic living 
matter first made its appearance, as was established in principle 
many years ago by Lyell (2). 

The organic differentiation then gave rise to new sources of 
stimuli which we have called the ''endogenous " stimuli : these are 
distributed by the blood and apparently exert their effect through 
mediation of the nerv^ous system or some of its subdivisions. 
Among the later developments of this differentiation there arose 
certain gland-like colonies of cells which produce secretions that 
have an effect upon the manner in which the organism responds 
to exogenous stimuli, and hence on instinctive reactions. Such 
secretions are produced for example by the thyroid, the adrenals, 
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the gonads, the parathyroids, and may be collectively designated 
as the endocrine stimuli. It is with the appearance of these 
relatively recent structures that evidence begins to accumulate 
of the new factor of temperament in animal behavior, and this 
leads us to relate temperament with the activity of the endocrine 
glands. It cannot be denied that all the tissues probably par- 
ticipate in modifying the phenomena we recognize as tempera- 
mental, nevertheless there is ample support for the idea that 
these later special cell groups are very important conditioners of 
reflex activities as expressed in behavior. We see then how 
instinctive reactions, at first relatively simple reflex responses to 
changes in the environment, through the fundamental properties 
of protoplasm of irritability and conductivity, become more and 
more modified in expression, first by the development of the 
nervous system and then by the increasing differentiation of 
tissues, until it becomes a strongly conditioned reflex, on which 
the factors arising from the bodily constitution and represented 
largely by endocrine activity exert the dominating and directive 
forces. 

We look on temperament therefore as largely the expression 
of the influence of the conditioning factors of the endogenous 
stimuli on instinctive behavior; the nature of this influence being 
determined by the directive stimuli arising from the products 
of endocrine activity. 

Such a view maintains that bodily constitution plays a signifi- 
cant r61e in the genesis of temperament, but there has been very 
little experimental evidence presented supporting the idea that 
the reaction is reversible and should be written ''Bodily Con- 
stitution i=iTemperament. " 

The studies of Cannon (3) with regard to the possibly greater 
activities of the adrenal glands resulting from emotional excitsr 
tion, upon which some doubt has been cast by Stewart and 
Rogoff (4), but which the beautiful experiments of Maranon (5) 
tend to support in principle, were the early indications from the 
experimental side of alterations induced in the organism as the 
result of emotion — emotion here being understood to mean the 
affective aspect of instinct — while quite recently Buscaino (6) 
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has published data which to his mind demonstrate deep-seated 
changes in structural form of several tissues following induced 
emotion. 

Not only therefore can structural changes in organic constitu- 
tion be caused by the production of exaggerated emotions, but 
also it can be shown that far-reaching fimctional alterations 
occur, for Hatai and I (7) have demonstrated that while the 
normal response of the isolated intestinal segment of the albino 
rat, when suspended in oxygenated Tyrode's solution at body 
temperature, is a contraction on stimidation by sodium car- 
bonate: yet when the animal from which the segment is taken 
has been previously frightened or enraged, then the response to 
the stimulus, instead of being a contraction, is a relaxation. 
These experiments, however, while showing that the bringing into 
play of basal instincts has a marked effect upon bodily constitu- 
tion, do not afford direct proof that what we designate as tem- 
peramental differences are immediately concerned, because any 
animal can be angered or frightened. Such proof is given, how- 
ever, by the following two series of findings. 

It is a matter of common observation that there are two 
extremes of temperament to be foimd, between which aU grada- 
tions of behavior occur. Among persons there is a group of calm 
phlegmatic individuals with every evidence of a high threshold 
and a low irritability in their affective response to excitation; 
and on the other hand there is a group of excitable persons of 
low threshold and high irritability, whose reactions are out of all 
proportion to the importance of the exciting cause. These 
differences in temperament seem to be associated with differences 
in the manner in which the respective individuals handle their 
intermediary metabolism, since it has been found that the total 
variability of the soluble nitrogenous constituents of the blood as 
determined by analyses made from week to week is quite 
markedly different in the two groups (8). In the imemotional 
type, there is a tendency for the variability to be low. In the 
excitable type, on the other hand, the variability of the inter- 
mediary metabolism is relatively greater. Hence it is evident 
that as is one's temperament so is one's intermediary metabo- 
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lism. Temperamental tone and intermediary metabolism are 
related. Here we have then a demonstration that temperament 
can affect bodily constitution. 

A prettier proof is afforded by the fact that when the tempera- 
ment of an albino rat is changed by gentling, from the condition 
where excitability and irritability are expressed by flight and 
pugnacity, to a state where the degree of expression of these 
instincts is reduced almost to insignificance, then the animal 
becomes markedly more resistant to the loss of the parathyroid 
secretion. Thus, out of every one hundred animals in which the 
emotions of fear and anger are conspicuous, some seventy nine per 
cent die of acute tetania paraihyreopriva within forty-eight hours 
after parathyroidectomy, while when albino rats which have been 
gentled are similarly deprived of their parathyroids but thirteen 
per cent fail to survive this period (9). In addition it has been 
recently determined, although the results have as yet not been 
published, that the wild Norway rat, an animal which is still more 
excitable, is still more dependant upon the secretion of the para- 
thyroid glands for its continued existence than either of the other 
two groups noted. It is not at all improbable that other factors 
than temperament in the narrow sense are concerned in the 
resistance of rats to the loss of the parathroid secretion, yet from 
these experiments the conclusion is justified that the differences 
in mortality are due to differences in temperament. 

These studies extend the propositions developed by Cannon 
(2) with respect to the effect of emotion on bodily constitution 
to include the idea that factors of endogenous origin which give 
rise to temperament in turn have their function affected by 
temperamental responses, and the reaction ''Bodily Constitu- 
tion?±Temperament is reversible and should be written as such. 

They also indicate that of the endocrine glands the para- 
thyroids at least play some part in the determination of the 
nature of the reaction, the exact office of which, however, is as 
yet uncertain. 

The experimental demonstration of the profound influence of 
temperamental tone on bodily constitution is significant of the 
practical value of the regulation of the expression of tempera- 
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ment by voluntary action to the smallest variability in response 
consistent with adequate adaptation. Such a conception is inter- 
estingly developed in Osier's (10) essay ''Aequanimitas" and 
seems to deny the rather pessimistic teaching of McDougall (1) 
that the natively determined factors of temperament ''are but 
little capable of being modified by voluntary effort." Whether 
or not McDougalFs opinion can be sustained is a matter of serious 
doubt when one considers the interreaction of the nervous system 
and the mental processes on the one hand, and the endc^nous 
and exogenous stimuli on the other. One can hardly doubt the 
potency of volimtary effort in regulating the expression or effec- 
tive aspects of temperament as imderstood in this discussion. 
If such were not the case our reactions would be permanently 
disordered and undirected. 
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PBOBLEM AND METHOD 

The experiment reported in the present paper was performed 
in the psychological laboratory of the University of Kansas, and 
we are grateful to Professor Walter S. Himter for his advice and 
criticism. The study was begun in March, 1919, and completed 
in Jime, 1919. The purpose was to determine by an objective 
measiu^ the effects of the fumes of methyl alcohol on the bright- 
ness discrimination in the white rat when the alcohol in no way 
came in contact with the skin. It was hoped that the results of 
this experiment might explain, in some measure, the decreased 
visual acuity of which certain workmen who are compelled to labor 
constantly in the fumes of wood alcohol, complain. 

Three sets of rats, consisting of eighteen animals in all, were 
used as subjects. The rats were all from the laboratory stock 
and were handled and fed for several days previous to training 
in order to insure gentleness. Each set included a single litter 
approximately a month old. 

The apparatus consisted of the Yerkes discrimination box and 
brightness apparatus with movable stimulus adapter. The 
sources of light were two standard 25-watt mazda lamps placed 
16J inches from the stimulus plates. Heavy black cardboard 
was placed over the middle window of the stimulus adapter so 
that one alley of the discrimination box was dark. By placing 
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a resistance coil and a Weston ammeter in circuit with the lights, 
the current could be adjusted to the number of amperes desired. 
The apparatus was set up in a dark room and the only other light 
besides the stimulus light was from a shaded lamp used in making 
records. This light was of small intensity and illuminated the 
discrimination box evenly throughout. As far as possible all ex- 
ternal factors such as positions of the experimenters, noises, etc., 
which might either disturb the subjects or aid them in making 
a choice, were eliminated. Certain other precautions were taken 
during the course of the experiment, which will be described 
later. 

The general method was to train the rats to discriminate be- 
tween the standard light intensity (0.30 amperes) and total 
darkness. The light was the positive stimulus. Food and 
punishment were used during the early part of the experiment; 
but, because of bad effects, punishment was later discontinued. 
After the correct choice the rat was fed from the hand of the 
experimenter directly in front of the light. The animal was then 
picked up and put in the entrance door for the next discrimina- 
tion. Ten trials at the beginning and later twenty trials were 
given daily. The stimulus adapter was shifted back and forth 
so that the light was first on one side and then on the other in 
irregular series. The criterion of discrimination between light 
of a given intensity and darkness was ten trials per day on three 
successive days averaging 90 per cent correct choices and on no 
one day less than 80 per cent correct. When an animal had 
succeeded in attaining this standard, the intensity of the stimulus 
light was decreased by reducing the current successively from 
0.30 amperes to 0.20 amperes, then to 0.17 amperes, etc., as each 
discrimination was made. This was continue imtil it became 
impossible for the animal to set up the discrimination even after 
prolonged training. The intensity of the light was then increased 
to the point where discrimination could be made and then grad- 
ually decreased again. If with this practice the rat was still 
unable to reach the standard with light of a lower intensity, the 
intensity where the last discrimination was made, was taken 
as its lunen for brightness vision. 
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Fig 1. Alcohol Box 

Cy The cage in which the rats lived and through which the fumes passed; 
F, ventilator or exit for the fumes; A, box in which the fumes were generated. 



Fig. 2. Alcohol Box 

The box, A^ contains: the thermostat, thermometer, the electric light as a 
source of heat, and the alcohol upon a tripod. 
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As soon as this limen was reached the animal was placed in a 
cage through which the alcohol fumes were sent. This cage, as 
shown in figures 1 and 2, was essentially a rectangular wooden 
box 20 inches by 9 inches by 9 inches with glass in one side so 
that the behavior of the rats could be observed without disturb- 
ing them. The alcohol fumes were sent in from a box attached 
to one end of the cage and carried off by a ventilator on the other 
end. The fumes originated from pure methyl alcohol which 
was vaporized by the heat of a 100-watt Mazda lamp regulated 
by a thermostat to maintain a temperature of 30°C. in the case 
of set I and 50°C. in the case of set II. While living in the 
alcohol constantly, the rats of set I were taken out daily for a 
period sufficient to test them. 

The time required for the first set of rats, consisting of five 
males and three females numbered from 1 to 8, to reach the 
limen ranged from 90 to 190 trials, and the rats were kept in 
alcohol continuously from a minimum of eleven days to a maxi- 
mum of twenty-four days. Each rat, with the exception of 
number 8, which was apparently too sick to run, was tested at 
least three times and some of them as many as twelve and fifteen 
times to see if they could still maintain the limen they had 
reached. They were able to do so in every case. 

All of the rats that were kept in alcohol continuously became 
sick. They were badly bloated, very inactive and at times 
refused to eat. With the exception of a few cases, however, 
none of the animals refused to attempt discrimination and usually 
succeeded in getting a large percentage correct. Four of the 
rats died while in the alcohol fumes but the four that lived soon 
seemed to become somewhat adapted to the fumes and improved 
in physical condition. These rats were taken out of alcohol for 
a time and kept in normal cages for a period not to exceed eleven 
days. During this time they were run every day in the dis- 
crimination box. When their physical condition had improved 
they were again put into the fumes for a period ranging from 
thirteen to seventeen days and thereafter were kept in the fumes 
for three hours per day only for the remainder of the experiment. 
Table 1 will show their progress from one condition to another 
measured in days. 
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The records of rats 1 and 7 may be taken as typical of the 
behavior of this set. Number 1 died after it was in the fimies 
for sixteen days while no. 7 lived throughout the course of the 
experiment. Counting the number of trials prior to the standard 
no. 1 took 60 trials to set up the first discrimination. The 
current was then decreased to 0.20 amperes and this discrimi- 
nation was reached in 20 trials. With the current reduced to 
0.15 amperes 30 trials were required. The rat was given 90 trials 
with 0.12 amperes but did not reach a percentage of accuracy 
greater than 60 per cent for any three consecutive days. The 
current was then increased to 0.13 amperes and the required 
standard was reached in 30 trials and for no day were there 

TABLE 1 



RAT 


NOBMAL UMBN* 


NUMBBB or DATS IN 

AXXX>HOL PBKCBDINO 

BBCOBD COLUUM 4 


LOWBR* IMTBKaiTT' 
TB8TBD IN AXiCOHOL 


1 


0.13 


8 


0.13 


2 


0.13 


7 


0.13 


3 


0.13 


6 


0.13 


4 


0.13 


16 


0.13 


5 


0.13 


14 


0.13 


6 


0.13 


15 


0.13 


7 


0.13 


20 


0.13 


8 


0.13 







^ Measured in tenns of amperes. 

fewer than 70 per cent correct responses. It was therefore con- 
sidered that this rat's limen for brightness vision was 0.13. It 
was then put in the alcohol fumes where it was kept continuously 
imtil five days later when it was taken out and tested at 0.13 
amperes. A record of 60 per cent correct responses were made. 
It was again placed in alcohol and the following day made 100 
per cent correct responses at the same intensity. Three days 
later, after having been in the alcohol continuously for nine days, 
it was able to make a record of 90 per cent correct choices. The 
rat at this time was bloated and moved rather slowly but there 
was no question as to its ability to make the discrimination. It 
was too sick to be tested after the ninth day and died sixteen 
days after it was placed in the fumes. 
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Rat 7 was xinfortunately upset by pxinishment and required 
190 trials prior to the 30 required for the standard to make the 
first discrimination (at 0.30 amperes). With the cnirrent 
decreased to 0.20 amperes, 40 trials were needed but on no day 
were there less than 70 per cent correct; for 0.15 amperes only 
10 trials, 80 per cent of which were correct, were necessary in 
order for the standard to be reached. With the current at 0.12 
amperes there was no improvement after 50 trials so the amperage 
was raised to 0.13 amperes. The standard was then reached in 
20 trials with no less than 80 per cent correct for either day. 
The animal was then put in the fumes and five days later tested 
50 per cent correct but eight days later 100 per cent correct 
choices were made. This rat was kept in alcohol continuously 
for twenty-four days and after the thirteenth day was tested 
every day. During this period it succeeded in making the dis- 
crimination at its normal limen as shown by the last five daily 
records which were 70, 90, 90, 80, and 90 per cent respectively. 
After having been in the fumes continuously for twenty-four 
days rat 7 was placed in fresh air for two days, after which he 
was returned again to the fumes and kept continuously for thir- 
teen dajrs more. The first trial, taken on the first day of this 
period, the rat's record fell to 60 per cent when tested at its 
normal limen (0.13 amperes), but the succeeding six trials on 
each of the following days had a record of 90, 90, 90, 100, 100, 
and 100 per cent respectively. This record was maintained 
throughout the following days both during the time that the rat 
was in the alcohol continuously and during the period that he 
was kept in it for three hours per day only. The records for 
these three hour periods wiU be discussed later. 

It will be noted that rat 1 made 60 per cent and rat 7 made 50 
per cent correct responses when tested for the first time after they 
were put in the alcohol fumes. Both, however, had regained 
their normal efficiency by the second trial and maintained an 
excellent record thereafter. This was true of every rat of set 1. 
Rat 3 fell to 40 per cent correct, no. 4 to 70 per cent, no. 5 to 60 
per cent, no. 6 to 70 per cent, and no. 2 to 60 per cent correct 
responses. With the exception of rat 7, the rats which survived 
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of set 1 made the same type of failure the first trial after they 
were returned to normal conditions. By the second trial they 
were responding with the same high percentage of correct 
responses that they had maintained in the alcohol fiunes. It 
would therefore seem that their low records were due to the 
change in environment and not to the alcohol fumes. These 
records are shown in table 2. 

Because of the bad physical effects noted above the method 
was changed with the remaining rats, set 2. Instead of putting 
them in the fumes to Uve, they were put in the alcohol box for 
three hours per day only, but in very strong fumes, the ther- 
mostat being regulated to maintain a temperature of SO^'C. as 
opposed to 30*'C. in the tests of set 1. The results were, however, 
exactly the same as those secured with the previous method. 
Every rat could make the discrimination at which it last suc- 
ceeded in normal condition. 

Set 2 was composed of 5 rats, 3 males and 2 females, bom 
March 7, 1919, and set 3, of three rats, 2 males and 1 female, 
bom April 5, 1919. Since the same method was used with these 
rats they will be considered as a single group. Rats 4, 5, 6, and 
7 of set 1 were also given the treatment outlined in the above 
paragraph after it was begun with the latter rats. The rats of 
set 2 were exceedingly timid and sensitive to pxmishment- so it 
was discontinued with them and for the remainder of the experi- 
ment. The record of rat 9 may be considered a fair example of 
the behavior of the rats of this group. Two himdred trials were 
necessary for this rat to set up the first discrimination due to 
the fact that 40 trials were necessary for the rat to recover from 
the bad effects of punishment administered the 11th day after 
the rat had a record of 90 per cent for the two preceding days. 
No trials were needed to maintain the standard when the current 
was reduced successively to 0.20 amperes, 0.17 amperes, and 
0.15 amperes. It took 30 trials to make the discrimination at 
0.13 and 10 trials at 0.12. Seventy trials were given at 0.11 but 
no 30 trials ever averaged more than 60 per cent correct. When 
the current was again raised to 0.12 amperes 100 per cent correct 
responses were made the first day. The rat was then placed in 
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the alcohol fumes for three hours a day as described above. It 
was tested every day for the next 26 days and was able to make 
a high percentage of correct choices, the last ten trials being 100, 
80, 80, 70, 70, 80, 80, 100, 90, and 90 per cent respectively. 

Rat 12 of this group attained the lowest limen of any of the 
rats tested. One hundred trials were needed for the initial 
learning and the current was successively reduced to 0.25 
amperes, 0.20, 0.17, and 0.15 amperes without extra trials. It 
took 20 trials to master the discrimination at 0.13, 10 at 0.12, 
and 20 at 0.11. With the current reduced to 0.10 the standard 
was reached in 40 trials. The rat was tested with the current 
at 0.09 but refused to make a discrimination. Wher che cur- 
rent was raised to 0.10 he made the choice again as usual. Con- 
trol tests were made to discover whether the animal was making 
a determination on any other basis than the stimulus light. The 
light used for taking records was turned out, the stimulus adapter 
was moved back and forth several times between trials as it was 
thought the rat might be discriminating on a basis of noise, 
though this would of coiu'se not explain why the rat failed to 
discriminate at 0.09. The stimulus light was left always on one 
side or the other, since it was possible that the animal had a 
complicated alternation which gave him a high percentage of 
correct responses. The time interval was made exactly the same 
between successive trials. None of these controls, however, 
broke down the response. When no light was used the rat 
refused to make a decision. 

Table 2 below shows a complete record in terms of days for 
rats 4, 5, 6 and 7, the remaining rats of set 1. 

The results from these rats have been discussed with the 
exception of those obtained during the period that they were in 

TABLE 2 



KAT 


DATS BBQUIBBD 
FOB LBABNIMO 


IN ALCOHOL 


NOBMAL 


IN ALCOBOL 


IN ALCOHOL 

THBBBHOUBB 

PBBDAT 




4 


32 


14 


6 


17 


18 




5 


20 


21 


11 


13 


24 




6 


26 


18 


11 


13 


18 




7 


32 


24 


2 


13 


21 
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alcohol for three hours per day as mdicated in the sixth column 
in the table above. Ihiring this time each rat in this group main- 
tained the standard of accxuracy which he had obtained. The 
percentage of correct choices during the last three trials were 
as follows: Rat 4r-90, 100, 100 per cent; rat 5—80, 90, 100 per 
cent; rat 6—100, 100, 80 per cent; rat 7—100, 80, 90 per cent. 
The results of set 2 are shown in table 3. 



TABLES 







NXTMBWI or DATB IH 


LZMBN Aim BXPO*- 


BAT 


NOBMALLXICXN* 


ALCOHOL, THRJDB HOUBB 


URS TO ALCOHOL 






PXB DAT ONLY 


TXnOB 


9 


0.12 


25 


0.12 


10 


0.11 


28 


0.11 


11 


Died 






12 


0.10 


28 


0.10 


13 


0.12 


23 


0.12 


14 


0.13 


14 


0.13 


15 


0.13 


18 


0.13 


16 


0.11 


19 


0.11 


17 


0.13 


7 


0.13 


18 


0.13 


16 


0.13 



*In terms of amperes. 



CONCLUSIONS 



It may be believed that sufficient allowance has not been made 
for practice. It must be noted, however, that in the beginning 
trials where the problem was to determine the normal limen that 
every rat was given a number of trials where the stimulus used 
was a light intensity below that at which the animal had suc- 
ceeded. In the case of rat 1, as noted above, 90 trials were given 
and at the last ten trials the rat only got 60 per cent correct. 
This was true of every rat. Furthermore several rats were 
tested after they had been in the alcohol fumes and they were 
never able to reach a lower limen than they had reached in 
normal conditions. All of the rats of the first set and several of 
the second set were tested in this way. It is possible of course 
that practice was merely coimterbalancing the effect of the fumes. 
It does not seem, however, that it could be exact in every case. 
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To be certain of this point it would be necessary to determine 
the effect of continued practice of rats kept in normal conditions. 
It is also possible of course that the alcohol caused certain defects 
which, because of slow progress, was insufficient to cause any 
change in the accuracy of the responses within the limit of this 
experiment. Anatomical study alone would determine this. 
Further study should also include the effects of contact and 
feeding. At this time within the limits of a preliminary experi- 
ment we may only say that such results as we have obtained 
would seem to show that the alcohol fiunes, administered by 
our method do not cause a decrease in the brightness sensitivity 
of the white rat. 
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Human Behavior, By Stewart Paton. New York, Charles Seribner's 
Sons. 1921. pp. 464. $6.00. 

The literature of comparative, social, educational and general psy- 
chology; of the various special fields of theoretical, experimental and 
clinical psychopathology, including psychoanalysis; of psychobiology, 
endocrinology, genetics and general biology, and of that group of 
technologies to which we commonly refer as "medicine" may safely 
be regarded as containing material for the construction of a systematic 
account of human behavior. It is, perhaps, the most significant 
feature of Dr. Baton's book that he has drawn freely from each of these 
sources and has, nevertheless, given us a good deal more than a mere 
anthology. He quotes — often extensively — ^from nearly four hundred 
different authors whose views or findings contain material for the 
behaviorisms consideration, and one feels only here and there that a 
given quotation has not sufficient relevancy to the author's theme to 
justify its inclusion. Wherever the reviewer has been able to consult 
the orginal sources of these apparently irrelevant quotations it has 
seemed that Dr. Baton's only fault in the matter has been his assump- 
tion that the reader will have read and remembered their contexts. 

The author presents his book as an introduction to the study of 
human behavior and, more broadly, as a scientific text-book for " parent, 
teacher, phjrsician, student of social phenomena, prospective reformer, 
statesman and philosopher" each of whom has to deal with special 
problems in himian behavior. He states, in the first chapter, that, 
"One natural and obvious method of taking up the problems of himian 
behavior and conduct is to proceed from the consideration of simpler 
phenomena as observed low down in the animal series, or from relatively 
simple activities of the insane, to complex functions of the normal per- 
son." There follow a chapter on "Adjusting Mechanisms" and one 
on "Special Mechanisms of Adjustment," in which he traces, with 
much necessary abridgment, the phylogenesis of the himian reactive 
equipment. A chapter on the development of the personality gives in 
outline what might easily be expanded into a valuable treatise on the 
ontogenesis of human behavior. 
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Most students of human behavior adopt one of three different attitudes 
toward Freud's psychology: (1) enthusiastic, fundamentally uncriti- 
cal acceptance of it, along with a joyous conviction that whoever 
rejects it is enslaved by a dominating ''Unconscious;" (2) a cautious, 
middle-of-the-road acceptance of it, which leads to a more or less vague 
paraphrasing of its principle dogmas as these currently appear and are 
acclaimed by the orthodox, and (3) impatient rejection of it on the 
grounds that the whole Freudian movement is based upon a rejection 
of the painstaking, critical, soimdly progressive methods of the natural 
sciences. Dr. Paton is a psychopathologist who discloses a very broad 
grasp of what the phylogenesis and ontogenesis of the total himian 
reactive equipment signifies for an explanation of hiunan behavior, 
hence his attitude toward Freud's psychology is a matter of importance. 
Throughout the book his terminology and his exposition of the deter- 
minants of hiunan behavior clearly reflect the influence of the psycho- 
analysts. In a chapter which deals with conflicts and dissociations of 
personality he quotes freely from Ernest Jones, and with apparent 
acceptance of the Freudian view of the matter. In fact, he seems to 
appropriate much psychoanalytic terminology and a considerable niun- 
ber of psychoanalytic concepts without reluctance and with no desire 
to patonize such appropriations by parapharsing them. Nevertheless 
he never falls away from the statement, in the second chapter, that 
"three primitive 'drives' — one the tendency to preserve the physio- 
logical balance, the second, to secure the safety of the individual, and 
the third, to insure the perpetuation of the species — ^are the dominant 
forces in life.' ' In another chapter he repudiates, in effect, the orthodox 
psychoanaljrst's central concept, viz., that "the sexual life of a person 
is the nucleus about which all other mechanisms of adjustment are 
grouped." 

Endocrinology, Uke psychoanalysis, has its exponents who find 
their guesses so alluring that they present them as established facts, 
but the importance of the glands of internal secretion as parts of the 
himian reactive equipment is too great to justify the behaviorist in 
rejecting the good with the bad in this matter. Dr. Paton has done 
wisely, perhaps, in keeping his references to the literature of Elndo- 
crinology more or less detached from the main body of his argument. 

The determinants of the various troublesome and distressing features 
of old-age maladjustments include, according to the author, reaction 
to the failing sense of adequacy, breaks with reality in order to dodge 
uncomfortable situations, "wishful thinking," relaxation of the cen- 
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sorship which has previously concealed some traits of character, etc. 
The chapter devoted to this subject is, like the book as a whole, too 
technical for the lay reader, but it is so sound and practical as to de- 
serve separate presentation in popular form. 

A chapter on "The Intelligent Direction of Activities," which deals 
with education, finds the author in radical disagreement with current 
educational methods. There is nothing new in his contention that the 
aim of education should be biological and not academic; but he impresses 
the reviewer as being exceptionally clear and productive in his explana- 
tions of what he means by this. 

The book, as has already been stated, is too technical for the lay 
reader, and its real usefulness is to be sought in its exposition of problems 
in behavior which, although of urgent practical concern to the medical 
chnician, the educator, the social worker, etc., demand an enormous 
amount of patient research on the part of well-trained laboratory 
workers. Regarded as a challenge to the laboratory man to direct his 
investigations toward the development of a productive science of hiunan 
behavior, Dr. Paton's book is a valuable inventory of what is known 
concering this subject and of the many important objectives which 
should engage the attention of investigators in various fields of research. 

G. V. Hamilton. 
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